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(54)Htie: FIBERS CAPABLE OF SPONTANEOUSLY TRANSPORTING FLUIDS 



(57) Abstract 

Msclosed are fibers that are capable of 
spontaneously transporting certain fluids, for ex- 
ample aqueous fluids, such as water, on their sur- 
faces. The fibers, especiaUy in the form of tow, 
can be incoiporated into absorbant articles, such 
as diapers, in order to Uansport fluids to more ef- 
fectively utilize the absorbant portion of the arti- 
cle. The fibers can be synthetically coated with 
absorbant materials. 
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FIBERS CAPABLE OF SPONTANEOUSLY TRANSPORTING FLUIDS 

Field of the Invention 

This invention concerns fibers that are capable of 
^ ' 5 spontaneously transporting water on their surfaces and 

useful structures made from such fibers. 

Background of the Invention 

Presently available absorbant articles such as 
10 diapers, sanitary napkins, incontinence briefs, and the 
like are generally very good at absorbing aqueous fluids 
such as urine and blood. However, during typical use 
such articles become saturated at the impingement zone 
while other zones removed from the impingement zone will 
15 remain dry. As a result, a substantial portion of the 
total absorbant capabilities of such articles remains 
xinused^ Thus, it would be highly desirable to have an 
improved means for transporting the aqueous fluids from 
the impingement zone to other areas of the absorbant 
20 article to more fully utilize the article's total 
absorbant capability. 

There are several factors which influence the flow 
of liquids in fibrous structures. The geometry of the 
pore-structure in the fabrics (capillarity) , the nature 
25 of the solid surface (sxirface free energy, contact 
angle) , the geometry of the solid surface (surface 
roughness, grooves, etc.), the chemical/physical 
treatment of the solid surface (caustic hydrolysis, 
plasma treatment, grafting, application of hydro- 
P 30 phobic/^ydrophilic finishes) , and the chemical nature of 

I the fluid all can influence liquid transport phenomena 

% in fibrous structxires. 

The ability to transport liquids (alternately 
referred to herein as "wickability") and to hold liquids 
35 are two important features of absorbant cores of 
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sanitary consumer disposables such as diapers, adult 
incontinent products, and feminine hygiene products. 
Absorbant cores are designed to wick fluids as far as 
possible to prevent leakage and optimize the use of 
5 absorbant material. In a conventional diaper, fluid is ^ 
wicked by capillary action through the porous fluff pulp 
core. Liquid holding capacity is largely within the 
pores of the fluff pulp but is also enhanced by the 
addition of superabsorbant polymers to the absorbant 

10 core. TbBSB superabsorbant polymers are especially 
beneficial for holding liquids under pressure compared 
to pulp alone. Absorbant cores of diapers and adult 
incontinent products do not sufficiently wick fluids 
from the crotch area to entirely prevent leaking. 

15 Typically 3-7% of diapers, approximately 30% of feminine 
napkins, and 33-40% of adult incontinent products leak. 
Leaking is the number one customer complaint about these 
products. Solving the leaking problem is high priority 
among the manufacturers of these products. 

20 The art discloses various H-shapes as follows: 

U.S. Patent 3,121,040 entitled "Unoriented 
Polyolefin Filaments" dated February 11, 1964; 

25 U.S. Patent 3,650,659 entitled "Spinning Die" dated 

March 21, 1972; 

U.S. Patent 870,280 entitled "High Bulk Filamentary 
Material" dated June 14, 1961. 

30 J 
U.S. Patent 4,707,409 entitled "Spinneret Orifices f 
and Four-Wing Filament Cross-Sections Therefrom" dated * 
November 17, 1987, assigned to Eastman Kodak Company, 
describes a spinneret having an orifice defined by two 

35 intersecting slots and each intersecting slot in turn 
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defined by three quadrilateral sections connected in 
series • 

Further, PCT International Publication 
No. WO90/12/30, published on October 18, 1990, entitled 
5 "Fibers Capable of Spontaneously Transporting Fluids" by 
Phillips et al. discloses fibers that are capable of 
spontaneously transporting water on their s\irf aces and 
useful structures made from such fibers. 

Also, conventional crimping of fibers is done 
10 mechanically with a stuff er box crimper. This method 

can damage or distort the cross-section of the fibers of 
this invention. This distortion of the cross-section 
reduces the ability of the fiber to move and hold 
fluids. 

15 There are various methods of helically crimping a 

fiber in the art. For example, U.S. Patent 3,681,188 
describes a poly (trimethylene terephthalate) textile 
fiber in a helical crimp form. U.S. Patent 3,584,103 
describes a process for madcing a helically crimped 

20 poly (trimethylene terephthalate) fiber with asymmetric 
birefringical across the diameter of the filament. U.S- 
Patent 3,623,939 discloses a crimped synthetic fileonent. 
The H-shaped cross-section of the fiber is shown. 
The fibers can be coated with superabsorbing 

25 polymers which are capable of absorbing liquid as well 
as transporting liquid. Even more preferably, fibers 
having both a major and minor symmetrical axis are 
quenched by air where the air stream is perpendicular to 
the major axis of the fiber. 

30 

Summary of the Invention 

The present invention is directed to a synthetic 
fiber which is capable of spontaneously transporting 
water on the surface thereof wherein said fiber . 
35 satisfies the quation 
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(1-X cos Og^) < -0.7, 

wherein 

is the advancing contact angle of water 
measured on a flat film made from the same material 
5 as the fiber and having the same surface treatment, 

if any, 

X is a shape factor of the fiber cross-section 
that satisfies the following equation 

10 X = ^^^^ 



4r + (ir-2)D 
wherein 

P is the wetted perimeter of the fiber and 

w 

15 r is the radius of the circumscribed circle 

circumscribing the fiber cross-section and D is the 
minor axis dimension across the fiber 
cross— section . 

The present invention also further provides a 
20 synthetic fiber which is capable of spontaneously 

transporting water on the surface thereof wherein said 
fiber satisfies the equation 

(1-X cos 6^) < 0, 

wherein 

25 is the advancing contact angle of water 

measxared on a flat film made from the same material 
as the fiber and having the same surface treatment, 
if any, 

X is a shape factor of the fiber cross-section 
30 that satisfies the following equation 

^ ~ 4r + (ff-2)D 

35 wherein 

p is the wetted perimeter of the fiber and 
w 

r is the radius of the circumscribed circle 
circumscribing the fiber cross-section and D is the 
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minor axis dimension across the fiber 
cross— sect ion , 

and wherein the uphill flux value of said 
fiber is from 2 to 60 cc/g/hr when measured from a 
5 reservoir of synthetic urine test fluid along a 

20 cm long ramp to an absorbant on an attached 
platform at 10 cm height. 

The present invention even further provides a 
synthetic fiber which is capable of spontaneously 
10 transporting water on the surface thereof wherein said 
fiber satisfies the equation 

(1-X cos e^) < 0, 

wherein 

6^ is the advancing contact angle of water 
15 measured on a flat film made from the same material 

as the fiber and having the same surface treatment, 
if any, 

X is a shape factor of the fiber cross-section 
that satisfies the following equation 



20 



X = ^ 



4r + {n-2)D 
wherein 

25 wetted perimeter of the fiber and 

r is the radius of the circumscribed circle 
circumscribing the fiber cross-section and D is the 
minor axis dimension across the fiber 
cross-section, with the proviso that the fiber is 

30 not an X-shaped or an H-shaped fiber having a 0^ of 

21-23 degrees, preferably 22 degrees, cos 5^ of 0.8 
to 1.0, preferably 0.9, and an X factor of 1.7 to 
1.9, preferably 1.8. 
It is prefeirred that 

35 ^ 12TT-10"-^ . . ^i_x COB e ) < -0.3, 
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wherein is th surface tension of water in air 
in dynes/cm, p is the fiber density in grams/cc, 
and dpf is the denier of the single fiber. 
It is preferred that X is greater than 1.2, 
5 preferably between 1.2 and 5, most preferably between 

1.5 and 3. It is preferred that the fiber have an 

uphill flux value of 2 to 60 ccygybx. 

It is also preferred that the fiber is helically 

crimped which crimping is obtained by quenching in air 
10 which is flowing perpendicular to the major axis of the 

fiber. 

Further, it is preferred that the fiber has one or 
more hydrophilic lubricant coated on the surface 
thereof. 



15 



20 



Brief Description of the D rawings 

Figure 1 - schematic representation of a three 
dimensional view of an absorbant fiber of the invention 
illustrating the swelling of superabsorbant material out 
of a fiber groove upon transport of a fluid. 

Figure lA - illustration of the behavior of a drop 
of an aqueous fluid on a conventional fiber that is not 
spontaneously transportable after the ellipsoidal shape 
forms (t = 0) . Angle 6 illustrates a typical contact 
25 angle of a drop of liquid on a fiber. The arrows 
labelled "LFA" indicate the location of the liquid- 
fiber-air interface. 

Figure IB - illustration of the behavior of a drop 
of an aqueous fluid on a conventional fiber that is not 
30 spontaneously transportable at time = t^^ (t^^ >0) . The 
angle 6 remains the same as in Figure lA. The arrows 
labelled "LFA" indicate the location of the liquid- 
fiber— air interface. 

Figure IC - illustration of the behavior of a drop 
35 of an aqueous fluid on a conventional fiber that is not 



1i 
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spontaneously surface transportable at time = t2 

(t2 >tj^) . The angle 0 remains the sam as in Figur lA. 

The arrows labelled "LFA" indicate the location of the 

* liquid-fiber-air interface. 

5 Figure 2A - illustration of the behavior of a drop 

* of an aqueous fluid which has just contacted a fiber 
that is spontaneously transportable at time = 0. The 
arrows labelled "LFA" indicate the location of the 
liquid-fiber-air interface. 

10 Figure 2B - illustration of the behavior of a drop 

of an aqueous fluid on a fiber that is spontaneously 
transportable at time « t^ (t^ >0) . The arrows labelled 
"LFA" indicate the location of the liquid-fiber-air 
interface. 

15 Figure 2C - illustration of the behavior of a drop 

of an aqueous fluid on a fiber that is spontaneously 
transportable at time = t2 (t2 >t.2^) • The arrows 
labelled "LFA" indicate the location of the liquid- 
fiber-air interface. 
20 Figure 3 — schematic representation of an orifice 

of a spinneret useful for producing a spontaneously 
transportable fiber. 

Figure 4 ~ schematic representation of an orifice 
of a spinneret useful for producing a spontaneously 
25 transportable fiber. 

Figure 5 — schematic representation of an orifice 
of a spinneret useful for producing a spontaneously 
transportable fiber* 

Figure 6 — schematic representation of an orifice 
30 of a spinneret useful for producing a spontaneously 
, transportable fiber. 

Figure 6B - schematic representation of an orifice 
of a spinneret useful for producing a spontaneously 
transportable fiber. 
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Figvire 7 - schematic representation of an orifice 
of a spinneret having 2 repeating units, joined end to 
end, of the orifice as shown in Figure 3. 

Figure 8 - schematic representation of an orifice 
5 of a spinneret having 4 repeating units, joined end to 
end, of the orifice as shovm in Figure 3. 

Figure 9 - photomicrograph of a poly (ethylene 
terephthalate) fiber cross-section made using a 
spinneret having an orifice as illustrated in Figure 3 
10 (specific dimensions of spinneret orifice described in 
Example 1} . 

Figure 10 - photomicrograph of a polypropylene 
fiber cross-section made using a spinneret having an 
orifice as illustrated in Figure 3 (specific dimensions 

15 of spinneret orifice described in Example 2). 

Figure 11 - photomicrograph of a nylon 66 fiber 
cross-section made using a spinneret having an orifice 
as illustrated in Figure 3 (specific dimensions of 
spinneret orifice described in Exan^le 2) . 

20 Figure 12 - schematic representation of a 

poly (ethylene terephthalate) fiber cross-section made 
using a spinneret having an orifice as illustrated in 
Figure 4 (specific dimensions of spinneret orifice 
described in Example 8) . 

25 Figure 13 - photomicrograph of a poly (ethylene 

terephthalate) fiber cross-section made using a 
spinneret having an orifice as illustrated in Figure 5 
(specific dimensions of spinneret orifice described in 
Example 9) . 

30 Figure 14 - photomicrograph of a poly (ethylene 

terephthalate) fiber cross-section made using a 
spinneret having an orifice as illustrated in Figure 7 
(specific dimensions of spinneret orifice described in 
Example 10) . 
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Figure 15 - photomicrograph of a poly (ethylene 
terephthalate) fiber cross-section made using a 
spinneret having an orifice as illustrated in Figure 8 
(specific dimensions of spinneret orifice described in 
5 Example 11) • 

Figure 16 - schematic representation of a fiber 
cross— section made using a spinneret having an orifice 
as illustrated in Figiore 3 (Example 1) . Exemplified is 
a typical means of determining the shape factor X. 
10 Figxire 17 — photomicrograph of a poly (ethylene 

terephthalate) fiber cross— section made using a 
spinneret having an orifice as illustrated in Figure 6 
(specific dimensions of spinneret orifice described in 
Example 12) . 

15 Figure 17B — schematic representation of a 

poly (ethylene terephthalate) fiber cross— section made 
using a spinneret having an orifice as illustrated in 
Figure 6B (specific dimensions of spinneret orifice 
, described in Example 13). 

2 0 Figure 18A — a schematic representation of the top 

view of a diaper. 

Figure 18B — a schematic representation of an 
exploded side view of a diaper along section IB of the 
major axis of the diaper. 

25 Figiire 19 - a schematic representation of an 

exploded side view of a diaper along the major axis of 
the diaper. The tow made from fibers of the present 
invention is placed below the top sheet and above the 
absorbcmt core. 

30 Figure 20 — a schematic representation of an 

exploded side view of a diaper along the major axis of 
the diaper. The tow made from fibers of the present 
invention is placed below the absorbant core and above 
the back sheet. 
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Figure 21 — a schematic representation of an 
exploded side view of a diaper along the major axis of 
the diaper. The tow made from fibers of the present 
invention is placed within the absorbant core* 
5 Figxire 22 — a schematic representation of an 

exploded side view of a diaper along the major axis of 
the diaper. The staple fibers made from fibers of the 
present invention is in the edDsorbant core. 

Figure 23A — a schematic representation of the top 
10 view of a diaper. The lines in the cut-away view 

represent tow made from fibers of the present invention 
which are substantially parallel and running essentially 
the entire length of the diaper. 

Figure 23B — a schematic representation of the top 
15 view of a diaper. The lines in the cut-away view 

represent tow made from fibers of the present invention 
which are substantially parallel and extending more than 
half the length of the diaper. 

Figure 24 — a schematic representation of the top 
20 view of a diaper. The lines in the cut-away view 

represent tightly compacted tow (made from fibers of the 
present invention) in the impingement zone and the tow 
is flared at the end. 

Figure 25 — a schematic representation of the top 
25 view of a diaper. The lines in the cut-away view 

represent tow made from fibers of the present invention. 
The major axis of the tow is inclined at an angle of 30«* 
with respect to the major axis of the diaper. 

Figure 26 — a schematic representation of an 
30 exploded side view of a diaper along the major axis of 
the diaper. The tow made from fiber % of the present 
invention is placed above and below the absorbant core. 

Figure 27 - graph of the ink holding capacity in 
grams (g) versus cartridge density in grams per cubic 
35 centimeter (g/cc) for an ink cartridge made from fibers 
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of the present invention (line labeled "4SW") and for an 
ink cartridge made from fibers of the prior art of round 
cross-section (line labeled "round"). 

Figure 28 — graph of the percent ink remaining 
5 versus cartridge density (g/cc) for an ink cartridge 
made from fibers of the present invention (line labeled 
"4SW") and for an ink cartridge made from fibers of the 
prior art of round cross-section (line labeled "round") . 
Figure 29 - graph of the useable ink (g) versus 
10 cartridge density (g/cc) for an ink cartridge made from 
fibers of the present invention (line labeled "4SW") and 
for an ink cartridge made from fibers of the prior art 
of roxand cross-section (line labeled "round"). 

Figure 30 - graph of the ratio of useable ink 
15 (g) /fiber weight (g) versus cartridge density (g/cc) for 
an ink cartridge made from fibers of the present 
invention (line labeled "4SW") and for an ink cartridge 
made from fibers of the prior art of round cross-section 
(line Icibeled "round") . 
20 Figure 31A - a schematic representation of a 

desirable groove in a fiber cross— section. 

Figure 3 IB - a schematic representation of a 
desirable groove in a fiber cross— section. 

Figure 31C — a schematic representation of a 
25 desirable groove in a fiber cross-section illustrating 
the groove completely filled with fluid. 

Figure 32A - a schematic representation of a groove 
where bridging is possible in the fiber cross-section. 

Figxire 32B - a schematic representation of a groove 
30 where bridging is possible in the fiber cross-section. 

Figure 32C - a schematic representation of a groove 
illustrating bridging of the groove by a fluid. 

Figxire 33 - a schematic representation of a 
preferred "H" shape orifice of a spinneret useful for 
35 producing a spontaneously transportable fiber. ^ 
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10 



15 



Figure 34 - a schematic representation of a poly- 
(ethylene terephthalate) fiber cross-section made using 
a spinneret having an orifice as illustrated in 
Figure 33. 

Figure 35 - a schematic representation of a 
preferred "H" shape orifice of a spinneret useful for 
producing a spontaneously transportable fiber (see 
Example 23). "W" as shown herein is the same as "W^^" 
referred to in Example 23. 

Figure 36 - a schematic representation of a 
preferred "H" shape orifice of a spinneret useful for 
producing a spontaneously transportable fiber (see 
Example 23) . "W" as shown herein is the same as "W^" 
referred to in Example 23. 

Figure 37 - graph of the flux in cc/hr/g vs. 
channel width (microns) for a plasma treated 
spontaneously transportable fiber made of poly (ethylene 
terephthalate) and having an -H" shape cross-section. 
Figure 38 - graph of maximum flux in cc/hr/g vs. 
20 adhesion tension for a poly(ethylene terephthalate) 

having an "H" shape cross-section with two unit cells or 
channels wherein each channel depth is 143/x and the leg 
thickness of each channel is 10.9;*. 

Figure 39 - a schematic representation of the 
25 apparatus used to determine uphill flux. 

Figure 40 - a schematic representation depicting a 

unit cell. 

Figure 41 - a schematic representation of a 
spinneret having dimensions as specified. 

Figure 42 - a schematic representation of 
spinneret 11045 wherein the spinneret holes are oriented 
such that the cross-flow quench air is directed toward 
the open end of the H. All dimensions are in unxts of 
inches except those containing the letter "W". 



30 
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Figure 43 - a schematic r presentation of Spinneret 
11039 wherein the spinneret holes are oriented in a 
radial pattern on the face of the spinneret. All 
dimensions are in units of inches except those 
5 containing the letter "W". 

Figure 44 - a photomicrograph of stuffer box 
crimped fiber having a distorted cross— section. 

Figure 45 — a photomicrograph of a cross— section of 
a helically crimped fiber formed by the process of 
10 helically crimping a fiber of this invention wherein the 
fiber cross— section is not distorted. 

Figure 46 - a schematic representation of 
Spinneret I 1046 wherein the spinneret holes are 
oriented such that the cross-flow quench air is directed 
15 toward the open end of the H. 

Figure 47 — a schematic representation of quench 
air direction relative to the spinneret holes. 

Figure 48 — a schematic representation of 
Spinneret 1047 wherein spinneret holes are oriented such 
20 that the cross-flow quench air was directed toward one 
side of the H. 

Figure 49 — a photomicrograph of helically crimped 
fibers of the invention without a distorted cross- 
section- 

25 Figure 50 - a photomicrograph of stuffer box 

crimped fiber having a distorted cross— section. 

Figure 51 and 52 — a schematic representation of a 
spinneret wherein the spinneret holes are oriented in a 
diagonal pattern on the face of the spinneret with 
30 cross-flow quenching directed toward the fiber bundle. 
Figure 53 — a photomicrograph of a helically 
crimped fiber prepared by the process of the invention. 

Figure 54 - a schematic representation of the 
programming of the computer used in the uphill flux 
35 test. 
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Figtire 55 - a schematic representation of a single 
fiber with one groove filled with superabsorbant 
polymer. 

5 niaf,ailed ni>geripti nn of the Tnventjpn 

AS used herein, the term "base fibers" means the 
fibers disclosed herein not having a superabsorbant 
polymer coating (but optionally having a different 
surface treatment, e.g., a coating of a hydrophilic 

10 lubricant), and the terms "coated fiber", "absorbant 

fiber", or "coated, absorbant fiber" mean a fiber of the 
present invention, i.e., a base fiber having coated 
thereon at least one superabsorbant polymer. 

The three important variables fundamental to the 

15 liquid transport behavior are (a) surface tension of the 
liquid, (b) wettability or the contact angle of the 
liquid with the solid, and (c) the geometry of the solid 
surface. Typically, the wettability of a solid surface 
by a liquid can be characterized by the contact angle 

20 that the liquid surface (gas-liquid interface) makes 
with the solid surface (gas-solid surface) . Typically, 
a drop of liquid placed on a solid surface makes a 
contact angle, 6, with the solid surface, as seen in 
Figure lA. If this contact angle is less than 90«, then 

25 the solid is considered to be wet by the liquid. 

However, if the contact angle is greater than 90», such 
as with water on Teflon (trademark) surface, the solid 
is not wet by the Mquid. Thus, it is desired to have a 
minimum contact angle for enhanced wetting, but 

30 definitely, it must be less than 90». However, the 
contact angle also depends on surface inhomogeneities 
(chemical and physical, such as roughness) , 
contamination, chemical^hysical treatment of the solid 
surface, as well as the nature of the liquid surface and 

35 its contamination. Surface free nergy of the solid 
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also influences the wetting behavior. The lower the 
surface energy of the solid, the mor difficult it is to 
wet the solid by liquids having high surface tension. 
Thus, for example. Teflon, which has low surface energy 
5 does not wet with water. (Contact angle for 

Teflon-vater system is 112*'.) However, it is possible 
to treat the surface of Teflon with a monomolecular film 
of protein, which significantly enhances the wetting 
behavior. Thus, it is possible to modify the surface 

10 energy of fiber sxirfaces by appropriate 

lubricants/finishes to enhance liquid transport. The 
contact angle of polyethylene terephthalate (PET), 
Nylon 66, and polypropylene with water is 80'>, 71«, and 
108*, respectively. Thus, Nylon 66 is more wettable 

15 than PET. However, for polypropylene, the contact angle 
is >90«, and thus is nonwettable with water. 

The second property of fundamental importance to 
the phenomena of lic[uid transport is surface tension of 
the licfuid. 

20 The third property of fundamental importance to the 

phenomena of liquid transport is the geometry of the 
solid sxirface. Although it is known that grooves 
enhance fluid transport in general, we have discovered 
particular geometries and arrangements of deep and 

25 narrow grooves on fibers and treatments thereof which 
allow for the spontaneous surface transport of aqueous 
fluids in single fibers. Thus we have discovered fibers 
with a combination of properties wherein an individual 
fiber is capable of spontaneously transporting water on 

30 its surface. 

Geometry of the fiber surface and application of a 
hydrophilic lubricant are very important. Also, the 
particular geometry of the deep and narrow grooves is 
very important. For example, as shown in Figures 31A, 

35 31B and 31C, grooves which have the feature that th 
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width of the groove at any depth is equal to or less 
than the width of the groove at the inouth of the groove 
are preferred over those grooves which do not meet this 
criterion (e.g., grooves as shown in Figures 32A, 32B 
5 and 32C) . If the preferred groove is not achieved, 
"bridging" of the liquid across the restriction is 
possible and thereby the effective wetted perimeter (Pw) 
is reduced. Accordingly, it is preferred that Pw is 
substantially equal to the geometric perimeter. 
10 The number of continuous grooves present in the 

fiber of the present invention is not critical as long 
as the required geometry is present (i.e., the fiber 
satisfies the equation (1-X cos 6^) <-0.7) ; or 
(1-X cos e^) < 0) with the proviso that the fiber is not 
15 an X-shaped or an H-shaped fiber having a 6^ of 21-23 
degrees, preferably 22 degrees, cos 6^ of 0.8 to l.O, 
preferably 0.9, and an X factor of 1.7 to 1.9, 
preferably 1.8; or (1-X cos 6^) < 0 wherein the uphil 
flux value of said fiber is from 2 to 60 cc/g^ when 
20 measured from a reservoir of synthetic urine test fluid 
along a 20 cm long ramp to an absorbant on an attached 
platform at 10 cm height. Typically there are at least 
2 grooves present, and preferably less than 10. 

-spontaneously transportable" and derivative terms 
25 thereof refer to the behavior of a fluid in general and 
in particular a drop of fluid, typically water, when xt 
is brought into contact with a single fiber such that 
the drop spreads along the fiber. Such behavior xs 
contrasted with the normal behavior of the drop which 
30 forms a static ellipsoidal shape with a unique contact 
angle at the intersection of the liquid and the solid 
fiber. It is obvious that the formation of the 
ellipsoidal drop takes a very short time but remains 
stationary thereafter. Figures lA-lC and 2A-2C 
35 illustrate the fundamental difference in these two 
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behaviors. Particularly, Figures 2A, 2B, and 2C 
illustrate spontaneous fluid transport on a fiber 
surface. The key factor is the movement of the location 
of the air, liquid, solid interface with time. If such 
5 interface moves just after contact of the liquid with 
the fiber, then the fiber is spontaneously 
transportable; if such interface is stationary, the 
fiber is not spontaneously transportable. The 
spontaneously transportable phenomenon is easily visible 
10 to the naked eye for large filaments (>20 denier per 
filament (dpf) or >22.22 dtex) but a microscope may be 
necessary to view the fibers if they are less than 22.22 
dtex (20 dpf ) . Colored fluids are more easily seen but 
the spontaneously transportable phenomenon is not 
15 dependent on the color. It is possible to have sections 
of the circumference of the fiber on which the fluid 
moves faster than other sections. In such case the air, 
liquid, solid interface actually extends over a length 
of the fiber. Thus, such fibers are also spontaneously 
20 transportable in that the air, liquid, solid interface 
is moving as opposed to stationary. 

Spontaneous transportability is basically a surface 
phenomenon; that is the movement of the fluid occurs on 
the surface of the fiber. However, it is possible and 
may in some cases be desirable to have the spontaneously 
transportable phenomenon occur in conjunction with 
absorption of the fluid into the fiber. The behavior 
visible to the naked eye will depend on the relative 
rate of absorption vs. spontaneous transportability. 
For example, if the relative rate of absorption is large 
such that most of the fluid is absorbed into the fiber, 
the liquid drop will disappear with very little movement 
of the air, liquid, solid interface along the fiber 
surface whereas if the rate of absorption is small 
35 compared to the rate of spontaneous transportability th 



25 



30 
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observed behavior will be like that depicted in 
Figxires 2A through 2C. In Figure 2A, a drop of aqueous 
fluid is just placed on the fiber (time ^ 0) . In 
Figure 2B, a time interval has elapsed (time = t^) and 
5 the fluid starts to be spontaneously transported. In 
Figure 2C, a second time interval has passed (time = 
and the fluid has been spontaneously transported along 
the fiber surface further than at time « t^. 

The fibers of the invention preferably have 
10 excellent uphill flux. Uphill flux is an index of the 
rate of transport of a fluid and is determined by the 
methodology described in Example 21 hereof. Uphill flux 
is related to adhesion tension. Adhesion tension is the 
product of the surface tension y and cos 0^. We have 
15 surprisingly foxind that the type of fiber sxirface 

treatment can have a substantial impact on the effective 
adhesion tension (and therefore on the uphill flux) . 
That is, we have found that certain surface treatments 
have the undesirable feature of reducing the effective 
20 svirface tension of aqueous fluids (e.g., urine) such 
that it is substantially reduced from its theoretical 
potential. Thus, preferred surface treatments are those 
which result in the effective adhesion tension of the 
fluid to be transported to be as close to the 
25 theoretical adhesion tension as possible. The effective 
adhesion tension is measxired by the method described in 
Example 22 hereof using the appropriate fluid. 
Preferred fibers of the invention have an effective 
adhesion tension in water of greater than 38 dynes/cm. 
30 More preferred is greater than 45 dynes/cm. Plasma 
treatment is a preferred surface treatment since the 
effective adhesion tension is close to the theoretical 
adhesion tension. It is not desired to be bound by any 
particulcir theory or mechanism; however, it is believed 
35 that for some surface treatments, such as use of 
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potassium lauryl phosphate and/or PEG 600 monolaurate, a 
portion of the deposited surface treatment material 
partially solubilizes in the fluid, at least at the 
fluid/surface interface, substantially reducing the 
5 surface tension of the liquid, thereby reducing the 
effective adhesion tension but not substantially 
affecting the contact angle ( B^) . 

It has also been discovered that for a given 
vertical distance and linear distance to move the fluid, 

10 a given channel depth and a given adhesion tension, 
there is an optimum channel width which maximizes the 
uphill flux of the liquid being transported. 

A fiber of the invention can be characterized as 
having one or more "channels" or "unit cells". For 

15 example, the fiber cross-section shown in Figure 40 
depicts a unit cell. A unit cell is the smallest 
effective transporting unit contained -within a fiber. 
For fibers with all grooves identical, the total fiber 
is the sum of all unit cells. In Figure 40 each unit 

20 cell has a height, H, and a width, M. is the leg 

thickness and Sjj is the backbone thickness. In addition 
to the specific dimensions of W and H, the other 
dimensional parameters of the cross-section are 
important for obtaining the desired type of spontaneous 

25 transportability. For example, it has been found that 
the number of channels and the thickness of the areas 
between unit cells, among other things, are Important 
for optimizing the uphill flux value of the fiber. For 
obtaining a fiber cross-section of desirable or optimal 

30 fluid movement properties the following equations are 
useful : 



40 



^f 

= PfAfLf ; K = 12 
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A^:=i|[(2H-Hsjfi + W?^]n + 2[(2H-fsjfi-.e . S J ) 

p = 2H + W 

h = f sine 

20 a « - . ^ r Trf90-g) -cos (90-5)1 

^ " 4sin{90-«/) I 180sin(9C>-(/) "^^^^^^ ^'J 

25 dpf = • n • (9000) (100) 

wherein : 
30 q = flxix (ciD^>^-gm) 

W = channel width (cm) 
/i = fluid viscosity (gm/cm-sec) 
= fiber mass per channel (gm) 
= fiber density (gm/cm"^) 
35 - fiber cross-sectional area per channel (cm^) 

= total fiber length (cm) 
t = distance front has advanced along fiber (cm) 
a = adhesion tension correction factor (sxirface) 
(d'less) 

40 y = fluid surface tension (dynes/cm — gm/sec ) 

p = wetted channel perimeter (cm) 
H = channel depth (cm) 
e = contact angle (degrees) 

P = adhesion tension correction factor (bulk) 
45 (d'less) 

K = constant (d'less) 

0) — arc length along meniscus (cm) 

p = fluid density (gm^^cm^) 

g = acceleration of gravity (cm/sec^) 
50 h = vertical distance (cm) 

g^ =r gravitational constsmt (d'less) 

A = fluid cross-sectional area per channel (cm^) 

n = number of channels (d'less) 
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Sjj = fiber body or backbone thickness (cm) 
S| = fiber leg thickness (cm) 
e = backbone extension (cm) 

0 = fiber horizontal inclination angle (degrees) 
5 dpf = denier per filament (gm^^OOO m) 

The equation for q is useful for predicting flux 
for a channeled fiber horizontally inclined at an angle 
0. This equation contains all the important variables 
related to fiber geometry, fiber physical properties, 
10 physical properties of the fluid being transported, the 
effects of gravity, and surface properties related to 
the three-way interaction of the surfactant, the 
material from which the fiber is made, and the 
transported fluid. The equations for , , p, m, h, 
15 and A can be substituted into the equation for q to 
obtain a single functional equation containing all the 
important system variables, or, for mathematical 
calculations, the equations can be used individually to 
calculate the necessary quantities for flvix prediction. 
20 The equation for q (including the additional 

equations mentioned above) is particularly useful for 
determining the optimum channel width to maximize uphill 
flux (fluid movement against the adverse effects of 
gravity; sin e > 0 in the equation for h) . The equation 
25 for q is also useful for calculating values for downhill 
flux (fluid movement enhanced by gravity; sin 0 < 0 in 
the equation for h) for which there is no optimum 
channel width. Obviously, horizontal flux can also be 
calculated (no gravity effects; sin 0=0). The 
equation for q and the equations for p. A, and A^ were 
derived for a fiber containing one or more 
rectangularly-shaped channels, but the basic principles 
used to derive these equations could be applied to 
channels having a wide variety of geometries. 



30 
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A fiber of the present invention is capable of 
spontaneously transporting water on the surface thereof. 
Distilled water can be employed to test the spontaneous 
transportability phenomenon; however, it is often 
5 desirable to incorporate a minor amount of a colorant 
into the water to better visualize the spontaneous 
transport of the water, so long as the water with 
colorant behaves substantially the same as pure water 
under test conditions. We have found aqueous Syltint 
10 Poly Red (trademark) from Milliken Chemicals to be a 

useful solution to test the spontaneous transportability 
phenomenon. The Syltint Poly Red solution can be used 
undiluted or diluted significantly, e.g. , up to 50x with 
water. 

15 In addition to being capable of transporting water, 

a fiber of the present invention is also capable of 
spontaneously transporting a multitude of other aqueous 
fluids. Aqueous fluids are those fluids comprising 50% 
or more water by weight, preferred is 75% or more water 

20 by weight, most preferred is 90% or more water by 
weight. Preferred aqueous fluids are body fluids, 
especially human body fluids. Such preferred fluids 
include, but are not limited to, blood, urine, 
perspiration, and the like. Other preferred aqueous 

25 fluids include, for example, aqueous inks. 

In addition to being able to transport aqueous 
fluids, a fiber of the present invention is also capable 
of transporting an alcoholic fluid on its surface. 
Alcoholic fluids are those fluids comprising greater 

30 than 50% by weight of an alcoholic compound of the 
formula 

R-OH 

wherein R is an aliphatic or aromatic group containing 
up to 12 carbon atoms. It is preferred that R is an 
35 alkyl group of 1 to 6 carbon atoms, more preferred is 1 
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to 4 carbon atoms- Examples of alcohols include 
methanol, thanol, n— propanol and isopropanol. 
Preferred alcoholic fluids comprise 70% or more 
by weight of a suitable alcohol. Preferred alcoholic 
5 fluids include antimicrobial agents, such as dis- 
infectants, and alcohol-based inks. 

The superabsorbant coating of the coated fiber of 
the present invention acts as a "sink" and absorbs 
whatever fluid is being transported. 

10 The absorbant fibers of the present invention are 

coated with at least one superabsorbant material. By 
the word "coated" and derivative terms thereof is meant 
that the superabsorbant material is in a continuous 
phase and completely surrounds the circxamference of a 

15 fiber cross-section for at least a portion of the fiber 
length. Different embodiments of the coating include 
wherein the entire fiber is substantially coated and 
wherein the fiber is only intermittently coated. This 
intermittent coating provides segments which will 

20 transport fluid without absorbing it to areas which are 
coated with superabsorbant polymer and will absorb the 
fluid in a preferred area. Which specific embodiment is 
preferred will depend upon the particular desired 
application. A particular preferred embodiment is 

25 wherein the fiber of the present invention is 

substantially the length of an absorbant article (e.g., 
a diaper, an incontinent pad, or the like) and is coated 
on the ends of the fiber, but not in the center portion. 
Also, in the coated fibers of the invention, the 

30 coating is in intimate contact with at least a portion 
of the fiber surface. Preferably, substantially the 
entire coating which is positioned adjacent to the fiber 
surface is in intimate contact with that portion of the 
fiber surface. That is, preferably all the groove 

35 surfaces axe "filled" and no visible gaps appear between 
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the coating and the fiber surface upon routine examina- 
tion by micr scopy at a magnification of 2 OX. 

Water soluble polymerizable monomers such as 
acrylic acid, methacrylic acid, and vinylsulf onic acid 
5 of which 20% or more of the carboxyl groups have been 
neutralized into an alkali metal salt can be used to 
form the superabsorbant coating on the base fibers. 
Preferred superabsorbant polymers are those formed which 
have a crosslinked structure. Water soluble 

10 crosslinking agents having two or more functional groups 
capable of reacting with a functional group of the 
aforementioned acids can be used. They are well known 
in the art. N,N' -methylene bisacrylamide, ethylene 
glycol bisacrylate, and polyglycidyl ethers are typical 

15 examples. The polymerization is carried out in situ , 
i.e., in the presence of the base fibers. The 
polymerization can be accomplished through thermal, 
light, accelerated electron beams, radiation, 
ultraviolet rays. It is necessary to add a water 

20 soluble radical polymerization initiator, in thermal 

polymerization, or a water-soluble initiator capable of 
generating radicals with the aid of light or ultraviolet 
rays in photopolymerization or ultraviolet polymeriza- 
tion to the aqueous monomer solution. Initiators are 

25 well known in the art (see U.S. Patent 4,721,647). The 
degree of crosslinking can be varied to control the 
amount and rate of absorption to the extent that the 
superabsorbant polymer remains water insolxable. The 
amo\int of superabsorbant polymer coating can be varied. 

30 It is preferred that the amount be limited so that 

individual filaments are not bonded together or that the 
swollen gel is prevented from leaving the grooves of the 
f i lament s- 

Generally, the methodology taught in U.S. 
35 Patent 4,721,647 (incorporated herein by reference in 
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its entirety) and European Patent Application 0 188 091 
can be used to prepare the coated absorbant fibers of 
the present invention except that one would substitute 
the spontaneously transportable fibers of Serial 
5 No^ 333,651, (i.e., the base fibers) for the fiber used 
in the prior art methods. 

A prior art example (European Patent Application 
0 188 091) discloses non-woven webs having a thin 
superabsorbant polymeric coating on the individual 

10 fibers of the web. The fibers of this web are round 
cross-section fibers such as Kodel (trademark) 431 
polyester (available from Eastman Chemical 
Products , Inc . , Kingsport , Tennessee , U.S.A.). The 
aforementioned disclosure attempts to solve the problem 

15 of gel blocking which occurs in some absorbant products 
where the superabsorbant polymer in granule form is 
layered within absorbant core. As the superabsorbant 
polymer granules absorb fluid they swell. Liquid 
transport through the swollen gel is limited primarily 

20 to the slow rates of diffusion. The European Patent 
Application 0 188 091 attempts to solve this barrier 
problem of swollen gels by uniformly dispersing the 
superabsorbant polymer throughout the web as a uniformly 
thin coated film on the fibers. The claim is that they 

25 will not block fluid transport throughout the remainder 
of the open network structure of the web. The thinly 
coated fibers of 0 188 091 only absorb fluid in the 
coating. They do not wick fluid. These webs are 
dependent on the capillary action of the pores between 

30 the fibers for wicking action. The coated fibers, 

filaments, or webs coated with superabsorbant polymer of 
this invention unexpectedly both wick and absorb fluid. 

The problem of blocking capillary wicking action 
between superabsorbant coated hydrophilic fiber base 

35 materials discussed in U.S. Patent 4,721^647 is not a 
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problem in the present invention since the wiOcing 
action does not d pend solely on capillary action 
between filaments. Furthermore, substantial uniform 
coating of monomer solution is accomplished within the 
grooves of the base fibers as opposed to outer perimeter 
and between filaments of the prior art hydrophilic 

^^^"^The liquid transport of the fibers is attributed to 
having a desired combination of hydrophilic coating and 
surface geometry. One would expect that coating these 
fibers with superabsorbant polymer (especially using 
amounts of polymer which completely fill the grooves of 
the base fibers) would destroy the preferred geometry of 
the filament necessary for liquid transport, 
unexpectedly when these base fibers which have been 
coated with superabsorbant polymer are subjected to a 
fluid such as water or synthetic urine, the super- 
absorbant polymer filling the grooves is observed to 
swell as it absorbs fluid. The swollen gel pops out of 
the grooves sufficient to allow the fluid to wick down 
the open groove until it contacts additional super- 
absorbant. The process is repeated continuously until 
the superabsorbant is consumed or the end of the 
filament is reached. Although it is not desired to be 
bound by any particular mechanism, it is believed that 
the hydrophilic coating initially placed on the base 
fibers is not destroyed by the superabsorbant polymer 
coating and the desired geometry of the grooves is 
restored as the superabsorbant polymer swells and moves 
out of the grooves. Also it is believed that no bonding 
occurs between the superabsorbant polymer coating and 
the fiber surface to hold the gel. A cross-sectional 
schematic of a single base fiber having a groove filled 
with superabsorbant polymer is shown in Figure 55. The 
superabsorbant polymer is shown as it swells and pops 
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out of the groove. This action allows room for more 
fluid to enter and wick in the groove. 

We have discovered an improved process for 
helically crimping a fiber having both a major and a 
5 minor axis of symmetry, wherein quenching by air occurs 
perpendiculeor to the major axis of the fiber. In 
particular, the process involves the following steps: 
extruding a conventional PET fiber forming polymer; 
passing the polymer through spinneret hole shapes; 

10 orienting said spinneret hole shapes to the cross-flow 
quench air so that quenching occurs perpendicular to the 
major axis of the fiber; controlling the quench air; 
applying hydrophilic l^lbricants; taking up the fibers at 
conventional speeds; drafting the fibers using 

15 conventional .drafting (single steam stage in steam or 
two stage in water and steam) ; adding an additional 
amount of hydrophilic lubricant; and relaxing the drawn 
fibers in a heated chamber to develop the helical crimp. 
The full development of the helical crimp in the 

20 fibers of the present invention is realized by relaxing 
the fibers in heat. The temperature of the heating step 
is above the Tg of the fibers. Also, it appears that 
the helical crimp is formed due to differences in the 
orientation of the fiber across the diameter of the 

25 cross section. This difference in orientation is built 
into the fiber by following the steps listed in the 
process previously described. The higher the difference 
in orientation, the more likely that the filament will 
form a helical crimp - 

30 It is also preferred that the number of crimps/inch 

in the fiber is greater than 4 and the crimp amplitude 
is less than 2 mm. 

Particularly preferred hydrophilic lubricants which 
can be used to lubricate the fibers of this invention 

35 include the following: 
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(1) Lubricant (PM 13430) comprising 49% polyethylene 
glycol (PEG) 600 monolaurat , polyoxyethylene 
(13.64) monolaurate, 49% polyethylene glycol (PEG) 
400 Bonolaurate, polyoxyethylene (9.09) 

5 monolaurate, and 2% 4-cetyl-4-ethylmorpholinium 

ethosulf ate (antistat) ; 

(2) Hypermer A109 sold by ICI Americas, Inc., which is 
a modified polyester surfactant; 

(3) Hilease T sold by ICI Americas, Inc. which is a 

10 soil release agent comprising polyester, water, and 

other ingredients; 

(4) Brij 35 sold by ICI Americas, Inc. which is a poly- 
oxyethylene (23) lauryl ether; 

(5) Brij 99 sold by ICI Americas, Inc. which is a poly- 
15 oxyethylene (20) oleyl ether; 

(6) G-1300 sold by ICI Americas, Inc. which is a poly- 
oxyethylene glyceride ester, a nonionic surfactant; 
and 

(7) G-1350 sold by ICI Americas, Inc., a polyoxylene- 
20 polyoxypropylene sorbitan linoleic phthalic ester. 

Among the methods of applying lubricants to the 
fibers of the invention include those described in 
U.S. S.N. 734,840, entitled "Lubricant-Impregnated Fibers 
and Processes for the Preparation Thereof", by Neal, 

25 Bagrodia, et al, filed on even date herewith, and 
incorporated herein by reference. 

Accordingly, the present invention is also directed 
to a process for spontaneously transporting an aqueous 
fluid (which includes water) or an alcoholic fluid on 

30 the surface thereof. Therefore, a process of the 
present invention can be described as a process for 
spontaneously transporting an aqueous fluid comprising 
contacting a fiber of the present invention with an 
aqueous fluid. Furthermore, another process of the 

35 present invention can be described as a process for 
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spontaneously transporting an alcoholic fluid comprising 
contacting a fiber of the pr sent invention with an 
alcoholic fluid. Once the aqueous fluid or alcoholic 
fluid contacts the fiber, said aqueous fluid or 
5 alcoholic fluid will be spontaneously transported. In 
many applications, it is preferred to have a portion of 
the fiber in contact with a source of the aqueous fluid 
and a different portion of the fiber in contact with a 
sink (the term "sink" will be defined hereinafter) . 

10 Fibers of this invention have the uniquely 

desirable feature of spontaneously transporting aqueous 
or alcoholic fluids on their surfaces, since all of 
these fibers have finite length, e.g., a tow in a diaper 
which starts and stops at the ends of the diaper or a 

15 staple fiber of some specified cut length, the ability 
to move fluid ceases once the fluid reaches the ends of 
the fibers unless "sinks" for the fluid are provided. 
Sinks may be, for example, fluff pulp or superabsorbant 
gels, powders or fibers. Ideally, to maximize the 

20 utility of this invention, three key features are 
desired: 

(1) a source of the appropriate fluid to be moved, 

(2) the spontaneous surface transport of such fluids 
which initiates the movement of the fluid and fills 

25 the conduits through which the fluid moves after 

the fiber surface becomes "full" of fluid and the 
spontaneous driving forces no longer exist, and 

(3) a sink or sinks for such fluid which are in 
intimate contact with the fiber at one or more 

30 locations along the length of each individual 

fiber. 

For example, the practical significance of these 
three features can be seen in a diaper within the scope 
of the present invention during typical use. The source 
35 of the fluid is urine and is deposited in significant 



07/25/2002, EAST Version: 1.03.0002 



wo 93/02235 



PCrAJS92/06089 



-so- 



lo 



15 



20 



25 



30 



quantities in a reasonably p r iodic manner. After the 
first deposit the urine will be transported 
spontaneously along each fiber until such time as the 
source dries up (needs to be in contact at least 10 
seconds) or the fluid contacts a sink. As used herexn 
the term "sink" can be defined as a structure which has 
a greater affinity for the aqueous fluid than the fxber. 
Assuming the source of fluid still exists the fiber wxll 
now act as a conduit to the sink until such time as the 
source dries up. It is clear that the locations of the 
sinks need to be removed from the location of the source 
if significant movement is desired (e.g., outer area of 
the diaper) . Properly designed capillary structures of 
round cross-section filaments can exhibit spontaneous 
fluid movement. However, the capillary structure 
depends on the location of the adjacent filaments and xf 
they happen to move or be out of position no fluid 
movement takes place. A unique feature of the present 
invention is that the individual filaments spontaneously 
transport aqueous fluids without the need for adjacent 
filaments. This allows for many benefits such as for 
the movement of fluids over a much wider surface area, 
usually more than one urination occurs before a dxaper 
is changed. The second urination (source - at the 
impingement zone) will again be transported through the 
fiber conduits to appropriate sinks. The spontaneously 
transportable feature is probably of less significance 
the second time than the first urination because the 
conduits are partially or totally full of fluid. 
However, without the spontaneously transportable feature 
relatively little fluid movement takes place and the 
source section of the diaper (i.e., the impingement 
zone) remains very wet whereas the rest of the dxaper 
remains very dry. 
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Likewise, the practical significance of these three 
features can be seen in a catamenial within the scope of 
the present invention during typical use. Preferably, 
the fibers of this invention are located in a pad-like 
5 structure comprising the fibers. The pad is used in 
conjunction with an absorbant core, with the core 
serving as a reservoir for fluids which are transferred 
from the pad comprising the fibers of this invention 
into the core. 

10 The fibers of the present invention can be 

comprised of any material known in the art capable of 
having a cross-section of the desired geometry and 
capable of being coated or treated so as to reduce the 
contact angle to an acceptable level. Preferred 

15 materials for use in the present invention are 
polyesters. 

The preferred polyester materials useful in the 
present invention are polyesters or copolyesters that 
are well known in the art and can be prepared using 

20 standard techniques, such as, by polymerizing dicar- 
boxylic acids or esters thereof and glycols. The 
dicarboxylic acid compoxinds used in the production of 
polyesters and copolyesters are well known to those 
skilled in the art and illustratively include 

25 terephthalic acid, isophthalic acid, p,p'-<liphenyl- 
dicarboxylic acid, p,p'-dicarboxydiphenylethane, 
p , p ' -dicarboxydipheny Ihexane , p , p ' -dicarboxydipheny 1 
ether, p,p'— dicarboxyphenoxyethane, and the like, and 
the dialkylesters thereof that contain from 1 to 

30 5 carbon atoms in the alkyl groups thereof. 

Suitable aliphatic glycols for the production of 
polyesters and copolyesters are the acyclic and 
alicyclic aliphatic glycols having from 2 to 10 carbon 
atoms, especially those represented by the general 

35 formula HO(CH2)pOH, wherein p is an integer having a 
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value of from 2 to 10, such as ethylene glycol, 
trimethylene glycol, tetramethylene glycol, and 
pentamethylene glycol, decamethylene glycol, and the 
like. 

5 Other known suitable aliphatic glycols include 

1 , 4-cyclohexanediinethanol , 3-ethyl-l , 5-pentanediol , 
1,4-xylylene, glycol, 2,2,4,4-tetramethyl-l,3-cyclo- 
butanediol, and the like. One can also have present a 
hydroxy Icarboxyl compovind such as 4,-hydroxyben2oic 

10 acid, 4-hydroxyethoxybenzoic acid, or any of the other 
hydroxylcarboxyl compounds known as useful to those 
skilled in the art. 

It is also known that mixtures of the above 
dicarboxylic acid compounds or mixtures of the aliphatic 

15 glycols can be used and that a minor amount of the 
dicarboxylic acid component, generally up to 10 mole 
percent, can be replaced by other acids or modifiers 
such as adipic acid, sebacic acid, or the esters 
thereof, or with modifiers that impart improved 

20 dyeability to the polymers. In addition one can also 

include pigments, delusterants or optical brighteners by 
the Joiown procedxires and in the known amounts. 

The most preferred polyester for vise in preparing 
the fibers of the present invention is poly (ethylene 

25 terephthalate) (PET) . 

Other materials that can be used to make the fibers 
of the present invention include polyamides such as a 
nylon, e.g., nylon 66 or nylon 6; polypropylene; poly- 
ethylene; and cellulose esters such as cellulose 

30 triacetate or cellulose diacetate. 

Other preferred materials useful in preparing the 
fibers of the present invention include binary blends of 
cellulose esters with aliphatic polyesters or aliphatic- 
aromatic copolyesters as well as ternary blends of 

35 cellulose esters with aliphatic polyester/polyacrylates, 
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aliphatic polyesters/polyvinyl acetates/aliphatic 
polyestersxpolyvinyl alcohol, aliphatic polyesters/^ 
polyvinyl chloride, aliphatic polyesters/polycarbonate, 
aliphatic polyesters>l>olyvinyl acetate-polyethylene 
5 copolymer, aliphatic polyesters/cellulose ethers, 
aliphatic polyesters/nylon, aliphatic-aromatic 
copolyesters/polyacrylates/aliphatic-aromatic 
copolyestersypolyvinyl acetates, aliphatic-aromatic 
copolyestersxpolyvinyl alcohol, aliphatic-aromatic 
10 copolyesters/polyvinyl chloride, aliphatic-aromatic 
copolyesters/polycarbonate, aliphatic-aromatic 
copolyesters/polyvinyl acetate-polyethylene copolymer, 
or aliphatic-aromatic copolyesters/cellulose ethers, and 
aliphatic-aromatic copolyesters/nylon. The preferred 
15 blends more particularly comprise binary blends of 
cellulose esters and aliphatic-aromatic copolyesters, 
cellulose esters and aliphatic polyesters as well as 
ternary blends of cellulose esters, aliphatic polyesters 
and/or aliphatic-aromatic copolyesters , and polymeric 
20 compounds as well as fibers, molded objects, and thin 
films prepared therefrom which have one or more of the 
above or below described desirable properties. 
The most preferred polyester for use in preparing the 
fibers of the present invention is poly (ethylene 
25 terephthalate) (PET) . 

More specifically, the preferred blends include a 
binary blend comprising: 

I. (A) 5% to 98% of a Cj^-C^^Q ester of cellulose having 
a DS/AGU of 1.8 to 3.0 and an inherent 
30 viscosity of 0.2 to 3.0 deciliters/gram as 

measured at a temperature of for a 0.5 g 

sample in 100 ml of a 60/40 parts by weight 
solution of phenol/tetrachloroethane, and 
(B) 2% to 95% of a aliphatic-aromatic copolyester 
35 having an inherent viscosity of 0.4 to 2.0 
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deciliters/gram as measiired at a temperatxire of 
25 «C for a 0.5 g sample in 100 b1 of a 60/40 
parts by weight solution of 
phenoly^etrachloroethane, said percentages 
5 being based on the weight of component (A) plus 

component (B) ; 
a binary blend comprising: 
II. (A) 5% to 98% of a C^-C^q ^^^^er of cellulose having 
a DS/AGU of 1.8 to 2.75 and an inherent 

10 viscosity of 0.2 to 3.0 deciliters/gram as 

measured at a temperature of 25*»C for a 0.5 g 
sample in 100 ml of a 60/40 peirts by weight 
solution of phenol/tetrachloroethane, and 
(B) 2% to 95% of a aliphatic polyester having an 

15 inherent viscosity of 0.4 to 2.0 

deciliters/gram as measured at a temperature of 
25^*0 for a 0.5 g sample in 100 ml of a 60/40 
parts by weight solution of 
phenol>^etrachloroethane^ said percentages 

20 being based on the weight of component (A) plus 

component (B) ; 
ternary blends comprising: 
III. (A) 4% to 97% of a Cj^-Cj^Q ester of cellulose having 
a DS/AGU of 1.8 to 3*0 and an inherent 

25 viscosity of 0.2 to 3.0 deciliters/gram as 

measured at a temperature of 25*»C for a 0.5 g 
sample in 100 ml of a 60/40 parts by weight 
solution of phenol/tetrachloroethane, 
(B) 2% to 95% of an aliphatic polyester and/or a 

30 aliphatic-aromatic copolyester having an 

inherent viscosity of 0.4 to 2.0 
deciliters/gram as measured at a temperature of 
25**C for a 0.5 g sample in 100 ml of a 60/40 
parts by weight solution of phenol/tetrachloro- 

35 ethane, and 
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1% to 94% of polymeric compounds having an 
inherent viscosity of 0.4 to 2-0 
deciliters/gram as measured at a temperature of 
25 "^C for a 0.5 g sample in 100 ml of a 60/40 
parts by weight solution of 
phenol/tetrachloroethane, said percentages 
being based on the weight of component (A) plus 
component (B) plus component (C) ; 
blends also comprising: 
50% to 99% of a binary blend of CI) or (II) or 
a ternary blend of (III) having an inherent _ 
viscosity of 0.4 to 3.0 deciliters/gram as 
measured at a temperature of 25 ^'C for a 0.5 g 
sample in 100 ml of a 60/40 parts by weight 
solution of phenol/tetrachloroethane , 
1% to 50% of biodegradable additives, said 
percentages being based on the weight of 
component (A) plus component (B) ; and 
blends comprising: 
20 v. (A) 50% to 99% of a binaory blend of (I) or (II) or 
a ternary blend of (III) having an inherent 
viscosity of 0.4 to 3.0 deciliters/gram as 
measured at a temperature of 25**C for a 0.5 g 
sample in 100 ml of a 60/40 parts by weight 
25 solution of phenol/tetrachloroethane, 

(B) 0.05% to 2% of immiscible hydrophobic agent, 
said percentages being based on the weight of 
component (A) plus component (B) . 
Many of these blends have the advantage of 
30 biodegradability or industrial compostability, so that 
films or fibers made from the blends are useful in 
disposable absorbant articles such as infant diapers, 
incontinence briefs, sanitary napkins or catamenials, 
tampons, etc. They also have the advantage of 
35 industrial compostability. 



(C) 

5 



10 IV. (A) 



15 

(B) 
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A single fiber of the present invention preferably 
has a denier of between 3 and 1,000 (3.33 and 1111.11 
dtex), more preferred is between 10 and 70 (11.11 and 
77.78 dtex). 

5 Fiber shape and fiber/f luid interface variables can 

be manipulated to increase fluid transport rate per unxt 
weight of fiber (flux) by accomplishing the following: 

(a) using less polymer by making the fiber cross- 
sectional area smaller (thinner legs, walls, 

10 backbones, etc., which form the channeled 

structure) ; . ^ ^ . 

(b) moderately increasing channel depth-to-wxdth ratxo; 

(c) changing (increasing or decreasing) channel wxdth 
to the optimum width, and 

15 (d) increasing adhesion tension, a cos 9. at the 

channel wall by the proper selection of a lubrxcant 
for the fiber surface (which results primarily xn a 
decrease in the contact angle at the wall without a 
significant lowering of the fluid surface tension 

20 at the wall) . 

The fibers of the present invention preferably have 
a surface treatment applied thereto. Such surface 
treatment may or may not be critical to obtain the 
required spontaneous transportability property. The 
25 nature and criticality of such surface treatment for any 
given fiber can be determined by a skilled artisan 
through routine experimentation using techniques known 
in the art and/or disclosed herein. A preferred surface 
treatment is a coating of a hydrophilic lubricant on the 
30 surface of the fiber. Such coating is typically 

uniformly applied at a level of at least 0.05 wexght 
percent, with 0.1 to 2 weight percent being preferred, 
preferred hydrophilic lubricants include 



35 



Preierrea nytu-wi^iij.*-*- * 

polyoxyethylene (23) lauryl ether, polyoxyethylene (20) 
oleyl ether, polyoxylene^olyoxypropylene-sorbxtan 
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linoleic phthalic ester, Milease Many siirfactants 
provide very good wetting of surfaces by lowering fluid 
surface tension and decreasing contact angle and thereby 
yield low adhesion tension at the smrface* Therefore, 
5 it is important that the surfactant possess some 

attraction for the polyester surface (hydrophobic) and 
also for water (hydrophilic) . It is also preferred that 
the surfactant bind tightly to the polyester surface and 
at the same time present high hydrophilicity to the 

10 water side of the interface. Another surface treatment 
is to subject the fibers to oxygen plasma treatment, as 
taught in, for example, Plastics Finishing and 
Decoration, Chapter 4, Ed. Don Satas, Van Nostrand 
Reinhold Company (1986) . 

15 The novel spinnerets of the present invention must 

have a specific geometry in order to produce fibers that 
will spontaneously transport aqueous fluids. 

In Figure 3, W is between 0.064 millimeters (mm) 

20 



40 
45 
50 



and 0.12 mm. is 4W is 2W ± 0.5W; is 



25 6W Xg is 6W X,, is 7W X,, is 9W ^J^J; 

30 X,, is low X,, is IIW Z^; X^^ is 6W ^f^; 6^ is 

30» + 30'; is 45» + 45»; is 30" ± 30"; and is 
35 45" ± 45«'. 

In Figure 4, W is between 0.064 ma and 0.12 mm; 



X20 IS 17W X22 is 3W + W; X^^ is 4W ± 2W; Xjg is 

60W "^^i XjQ is 17W ^^{J; X^^ is 2W + 0.5W; X32 is 

+10W 

72W and 6^^^ is 45* ± 15». In addition, each 

^26 

Leg B can vary in length from 0 to and each 



Leg A can vary in length from 0 to 

60 
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es 



g tan 

In Figure 5, ff is between 0.064 mm and 0.12 am; 

•«>20W . ^ATi +20W, 

10 is 2W ± O.Sff; is 58W ^^W. xs 24W 

1- « 180»-2fl., 

fl 900 +15". g is —ii ; and n = 

^3^2 ^ -10" 14 ' 

20 number of legs per 180" = 2 to 6. 

in Figure 6, W is between 0.064 mm and 0.12 mn; 

25 ^42 ^ -2S' ^44 ± "^Ae ± ^48 

+3W 

is 24W + low; is 38W ± 13W; X52 is 3W X54 IS 

30 ~ ^" 

6W ^fS; X„ is IIW ± 5W; Xgg is 7W ± 5W; Xgj, is 

17W ± 7W; X,_ is 28W ± IIW; Xg^ is 24W ± lOW; Xgg is 

4 0 

^ 17W ± 7W; X^_ is 2W ± 0.5W; tf^^g is 45 » ^11-' ^18 

is 45» ± 15"; and fijo ^® - 

in Figure 6B, W is between 0.064 jm and 0.12 mm, 

5° X,, is 8W X,, is 8W 1^2, X^g is 12W ± 4W, X^^ is 

55 8W ± 4W, Xgo is 24W ± 12W, Xgg is 18W ± 6W, Xg^ is 
60 . 8W l^S^ Xgg is 16W ± 6W, X38 is 24W ± 12W, X^^ is 



18W ± 6W, X„ is 2W ± 0.5W, is "S" ± 30% 634 

, e,, is 45» ± 15% ^28 ^ ^30 



70 ± 30"' ^26 

75 



450 ± 15% ^32 is 45» ± 15% ^34 is 45» ± IS", 6^^ is 



45" + 15% and e^f, is 45« ± 15». 
80 ~ 

In Figure 7, the depicted spinneret orifice 
contains two repeat units of the spinneret orifice 
85 depicted in Figure 3, therefore, the same dimensions for 
Figure 3 apply to Figure 7. Likewise, in Figure 8, the 
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depicted spinneret orifice contains four repeat units of 
the spinneret orifice depicted in Figur 3, therefore, 
the same dimension for Figure 3 applies to Figure 8 . 
Figure 33 depicts a preferred "H" shape spinneret 
5 orifice of the invention. In Figure 33 W^^ is between 60 
and 150m, B is between 80» and 120», S is between 1 and 
20, R is between 10 and 100, T is between 10 and 300, U 
is between 1 and 25, and V is between 10 and 100. In 
Figure 33 it is more preferred that W^^ is between 65 and 

10 lOOM, 0 is between 90» and llO", S is between 5 and 10, 
R is between 30 and 75, T is between 30 and 80, U is 
between 1.5 and 2, and V is between 30 and 75. 

Figure 34 depicts a poly (ethylene terephthalate 
fiber cross-section made from the spinneret orifice of 

15 Figure 33. In Figure 34 is less than 20m, W3 is 
between 10 and 300m, is between 20 and 200m, Wg is 
between 5 and 50m, and Wg is between 20 and 200m. In 
Figure 34 it is more preferred that is less than 10m, 
W3 is between 20 and 100m, is between 20 and 100m, 

20 and W5 is between 5 and 20m. 

Figure 16 illustrates the me-ttiod for determining 
the shape factor, X, of the fiber cross-section. In 
Figure 16, r = 37.5 mm, P„ = 355.1 mm, D = 49.6 mm; 
thus, for the fiber cross-section of Figure 16: 

25 

X = =1.72 . 

4 X 37.5 + (IT - 2) 49.6 

The fibers of the present invention ax& preferably 
30 incorporated into an absorbant article in which it is 
desired to move or transport aqueous fluids. Such 
absorbant articles include, but are not limited to, 
diapers, incontinence pads, feminine hygiene articles 
such as tampons, ink cartridges, wipes, and the like. 
35 Figure 18A shows a schematic representation of the top 
view of a typical diaper and Figure 18B shows an 
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exploded side vi w of a typical diaper along the major 
axis of the diaper. 

The fibers of the present invention can be in the 
form of crimped or uncrimped tows or staple fibers 
5 comprising a plurality of the fibers of the present 
invention. 

An absorbant article of the present invention 
comprises two or more fibers of the present invention 
wherein at least part of said fibers are located near 

10 the center of said absorbant article and at least part 
of same said fibers are located away from the center of 
said absorbant article; and wherein said fibers are 
capable of being in contact with an aqueous fluid for at 
least 10 seconds near the center of said absorbant 

15 article; and wherein away from the center of said 

absorbant article one or more sinks are present in said 
absorbant article that are in contact with said fiber. 
As used in this context, "near the center" of the 
absorbant article means the geometric center and the 

20 area consisting of 50 area % of the total article 
immediately surrounding said geometric center; "away 
from the center" of the absorbant article means the 
remaining 50 area % that is not near the center of the 
article. Preferred sinks are fluff pulp, superabsorbant 

25 material, and combinations thereof. It is preferred 
that said sinks are in contact with a given fiber near 
the end of such fiber in the area away from the center 
of the article. As used in this context the term "near 
the end" of a fiber refers to an actual end of a fiber 

30 or the area consisting of the end 10% of the length of 
the fiber. 

Another preferred absorbant article of the present 
invention comprises a diaper or incontinent pad having a 
major axis and a minor axis and a length in excess f a 
35 width which comprises a top sheet, a back sheet, and an 



07/25/2002, EAST Version: 1.03.0002 



wo 93/02235 



PCr/US92/06089 



- 41 - 

absorbant core c mprising at least one absorbant layer 
wherein said article further comprises the tow of the 
present invention. The tow may be crimped or uncr imped. 
The tow in said absorbant article can be located in 
5 several different positions with several different 
spatial orientations. For example, the tow can be 
uniformly spread across all or part of the width of the 
article and the fibers of the tow can be substantially 
parallel to the major axis of the article and extend 

10 from 1/2 to substantially the length of the article (see 
Figure 23B) . 

Alternatively, the fibers of the tow" can be 
substantially parallel to the major axis of the diaper 
and extend substantially the length of the diaper (see 

15 Figiire 23A) . 

By use of a tow of the fibers of the invention in 
an absorbant article such as a diaper, urine can be 
transported to a larger surface area on the diaper. 
Thus, the amount of superabsorbant material required in 

20 the diaper can be reduced and the diaper surface will be 
drier. 

By utilizing the fibers of the present invention in 
a diaper construction, it is preferred that at least one 
of the following benefits be realized. 
25 (i) The effective siirface sirea of the diaper 

utilized for urine/aqueous fluid movement 
will increase by 5% to 30%. 
(ii) The amount of superabsorbant material 

utilized in the diaper will reduce by 2% to 
30 25%. 

(iii) The diaper will be thinner by 2% to 15%. 
(iv) The strikethrough (seconds) /rewet (grams) 

responses as measured by the strikethrough/ 
rewet test described in U.S. Patent 
35 4,324,247 are improv d with the strike- 
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through being reduced from 2 to 50% and the 
rewet being reduced from 2 to 70% when 
compared to equivalent st3nict\ires without 
the fibers (tow) of this invention being 
5 present. This results in the interface 

between the diaper and the wearer remaining 
drier. 

The fibers of the tow can be located in the 
absorbant article at any place which will result in an 

10 overall beneficial effect. For example, the fibers can 
be located between the top sheet and the absorbant core, 
incorporated into the absorbant core, between the 
absorbant core and the back sheet, or multiple combina- 
tions of the above. 

15 The top sheet of the absorbant article of the 

present invention can be made of any material 3cnown 
in the art for such use. Such materials include, but 
are not limited to, polypropylene, polyethylene, 
polyethylene terephthalate, cellulose or rayon; 

20 preferred is polypropylene. The top sheet is the sheet 
which is designed to be in contact with the body during 
typical end uses. Such a top sheet is alternatively 
referred to in the art as a "facing sheet," and is 
typically comprised of a web of short and/or long 

25 fibers. 

The back sheet of the absorbant aurticle of the 
present invention can be made of any material known in 
the art for such use. Such materials include, but are 
not limited to, polyethylene, a polyester, or 
30 polypropylene; preferred is polyethylene. The back 
sheet is typically impervious to body fluids such as 
urine. 

The absorbant core of the absorbant article of the 
present invention preferably comprises fluff pulp and, 
35 optionally, superabsorbant powder. Fluff pulp is used 
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extensively in th art. Fluff pulp is a batt formed of 
loosely compacted short cellulose fibers, such as wood 
pulp fibers, or cotton linters, or mixtures thereof, 
which are primarily held together by interfiber bonds 
5 usually requiring no added adhesive although thermo- 
plastic binder(s) may also be used. This batt is a low 
density coherent web of loosely compacted fibers 
preferably comminuted wood pulp fibers. Examples of 
absorbant powder are polyacrylates , acrylic acid based 
10 polymers, saponified starch, and polyacrylonitrile graft 
copolymers. 

Other preferred embodiments of the absorbant 
article of the present invention include wherein the 
fibers of the tow are tightly compacted in the 

15 impingement zone such that the fibers are substantially 
in contact with each other, and toward each end of the 
length of the article the fibers of the tow flare and 
are substantially not in contact with each other (see 
Figure 24) . In addition, the tow can have from one half 

20 to ten turns of twist in the impingement zone. The 
terms "impingement zone", "impinging area", and like 
terms refer to that area or zone where body fluid first 
contacts or impinges the absorbant article during its 
intended use. The impingement zone may be near the 

25 center of the absorbant article, away from the center, 
or overlapping both areas. 

It is also contemplated that the fibers of the 
present invention can be in the form of staple fiber 
which may or may not be crimped. When in the form of 

30 staple fiber, a preferred absorbant article of the 

present invention comprises a diaper or incontinent pad 
having a major axis and a minor axis and a length in 
excess of a width comprising a top sheet, a back sheet, 
and an absorbant core comprising at least one absorbant 
35 layer wherein said core c mpris s an intimate blend of 
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the staple fiber of the present invent! n (see 
Figiire 22). 

Another preferred embodiment of the absorbant 
article of the present invention is wherein the article 
5 contains up to three tows of the invention and wherexn 
the major axis of each tow lies between ±30o around the 
major axis of the article and wherein the tows Ixe 
either just beneath the top sheet or lie intimately 
Mixed with the absorbant core or lie adjacent to the 
10 back sheet (see Figure 25) . 

Another preferred embodiment of the absorbant 
article of the present invention is a two piece diaper 
wherein one piece contains tow of the invention and 
receives the impinging fluid during the diaper's 
15 intended use and is reusable, and wherein the second 
piece is a fluid storage element and is replaceable. 

The absorbant article of this invention can 
optionally contain a tissue or low density spacer layer 
which is adjacent to the top sheet between the top sheet 
20 and absorbant core, in such case the tow preferably 
lies between the absorbant core and said tissue or 

density spacer. 

In still another preferred embodiment of the 
absorbant article of the present invention the fibers of 

25 the tow are in intimate contact with part of the 

absorbant core located away from the impingement zone. 

Other absorbant articles contemplated by the 
present invention (which may or may not have a specific 
impingement zone) in which the fibers of the present 

30 invention can be beneficial include, but are not Ixmxted 
to a sweat absorbing headband or wristband, a surgical 
sponge, a wound dressing, a sweat absorbing insole for 
footwear, a general purpose wiping article, a fabric 
softener strip for use in clothes dryers, a wound dram 

35 or a surgical drain, a towel, a g ©textile, athletic 
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clothing such as athletic socks and jogging suits, a 
cosmetic applicator, a furniture polish applicator, a 
pap smear sampler, a throat culture sampler, a 
blood-analyzer test element, household and industrial 
5 deodorizers, humidifier fabric, moist filter media, 
orthopaedic cast liner, wipes for medical applications 
(e.g., containing an alcoholic fluid for use on the 
surface of skin) and the like. 

Ink cartridges are typically made with tows of 

10 cellulose ester fibers and polyester fibers. Important 
criteria for ink cartridges are (i) ink holding capacity 
and (ii) effective utilization of the ink reservoir. 
The art of making ink cartridges is described in U.S. 
Patents 4,104,781, 4,286,005, and 3,715,254. The use of 

15 fiber bundles made from fibers of the present invention 
in these ink cartridges offer significant advantages of 
increased ink holding capacity and/or effective 
utilization of the ink reservoir due to the nature of 
the fiber cross-sections and the spontaneous surface 

20 transportable nature of the single fibers of the present 
invention. 

In the geotextile field, one of the important 
functions of the geotextile material is to transport 
rain water and other aqueous fluids from unwanted 

25 regions of the land to distant areas. It is believed 
that due to the spontaneous surface transportable nature 
of the fibers of the present invention, articles made 
from these fibers will enhance in transporting aqueous 
fluids from one region to another area in geotextile 

3 0 applications . 

In active sports and outdoor activities, it is 
important that the human body remain relatively dry for 
comfort. Generally, human sweat or perspiration causes 
a feeling of being "wet". One of the important 

35 functions of garments and other articles worn next to 
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Skin is then to rapidly transport the "sweat" or 
"perspiration" from the skin to the garment or article 
worn next to the skin. Furthermore, it is important 
that such garments and articles should not absorb the 
5 bulk of this "sweat"; otherwise, it will take a long 
time to remove or dry the aqueous fluids from such 
garments and articles. For example, garments or such 
articles made of cotton or cellulosic fibers have a very 
high water absorption capacity (7-10%) and thus may not 

10 be highly desirable in such applications. However, 
garments or such articles worn next to skin made from 
fibers of the present invention and/or those in 
conjunction with blends of other fiber types may be very 
desirable. The spontaneous surface transportable nature 

15 of the fibers of the present invention can lead to 

rapidly removing the "sweat" or "perspiration" from the 
human body and thereby keeping the body relatively dry. 
Thus, a sweat absorbing headband or wristband, an insole 
for footwear, a towel, athletic socks, jogging suit, 

20 etc. made from fibers of the present invention can be 
highly desirable. 

The fibers of the present invention can be prepared 
by techniques known in the art and/or disclosed herein 
using a novel spinneret of the present invention or 

25 other spinneret that will result in a fiber cross- 
section of the appropriate geometry and properties. 

In general, a process of the present invention can 
be described as a process for preparing a fiber of the 
present invention which comprises heating a material 

30 capable of forming a fiber at or above its melting point 
followed by extruding said heated material through at 
least one spinneret having at least one orifice capable 
of forming the desired fiber. The fiber may be drafted 
and/or thermally stabilized. The fiber thus formed may 

35 then optionally be treated with a surface treatment such 
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as a hydrophilic coating or plasma treatment as 
described hereinbefore. 

The absorbant articles of the present invention can 
be made by use of techniques known in the art, for 
5 example in U.S. Patents 4,573,986; 3,938,522; 4,102,340; 
4,044,768; 4,282,874; 4,285,342; 4,333,463; 4,731,066; 
4,681,577; 4,685,914; and 4,654,040; and/or by 
techniques disclosed herein. The tow of the present 
invention can be incorporated into the absorbant article 
10 at any location which will improve fluid movement so as 
to better utilize the absorbant materials of the 
article. 

Spunbonded structures, well known in the art, can 
also be made from filament strands of the present 
15 invention, care must be exercised in the calendaring 
step so as not to damage the cross-section of the fibers 
and thereby inhibit the spontaneous surface transport. 

Continuous filament yarns of typical textile 
deniers and fileiment counts can also be made using the 
20 present invention. The yarns are useful in providing 
scrim fabrics which will spontaneously surface transport 
aqueous fluids. 

The following examples are to illustrate the 
invention but should not be interpreted as a limitation 
25 thereon. 

EXAMPLES 

fyaT^ pi«» 1 ^Bas ft Fiber Preparation) 

30 Poly (ethylene terephthalate) (PET) polymer of 0.6 

I.V. was used in this example. I.V. is the inherent 
viscosity as measured at 25 »C at a polymer concentration 
of 0.50 g/100 milliliters (mL) in a suitable solvent 
such as a mixtvire of 60% phenol and 40% tetrachloro- 

35 ethane by weight. The polymer was dried to a moistur 
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level of <0.003 weight percent in a Patterson Conaform 
dryer at 120 »C for a period of 8 ho\irs» The polymer was 
extruded at 283 through an Egan extruder, 1.5-inch 
(38.1 mm) diameter, with a length to diameter ratio of 
5 28:1. The fiber was extruded through an eight orifice 
spinneret wherein each orifice is as shown in Figure 3 
wherein W is 0.084 mm, is 4W, is 2W, Xg is 6W, Xg 
is 6W, X^^Q is 7W, X^2 is 9W, X-^^ is IDW, X^^ is IIW, X^g 
is 6W, is 0% ^4 is 45«>, 9^ is 30«>, and 6^ is 45^. 

10 The polymer throughput was 7 pounds (Ib)ylioiar (3.18 kg 
per hour) . The air quench system has a cross— flow 
configuration. The quench air velocity at the top of 
the screen was an average of 294 (ft)yminute (89.61 
m/minute) . At a distance of 7 inches (177.8 mm) from 

15 the top of the screen the average velocity of the quench 
air was 285 ft^iuinute (86.87 mxminute) , and at a 
distance of 14 inches (355.6 mm) from the top of the 
screen the average quench air velocity was 279 ft/minute 
(85.04 m/<minute). At 21 inches (533.4 mm) from the top 

20 of the air screen the average air velocity was 103.63 

m^inute. The rest of the screen was blocked. Spinning 
lubricant was applied via ceramic kiss rolls. The 
lubricant has a general composition as follows: it is a 
potassium lauryl phosphate (PLP) based lubricant having 

25 poly(ethylene glycol) 600 monolaurate (70% by weight) 
and polyoxyethylene (5) potassium lauryl phosphate (3 0% 
by weight) . An emulsion of the above lubricant with 
water (90%) was used as the spinning Itibricant. The 
lubricant level on the fiber samples was 1.5%. • Fibers 

3 0 of 20 dpf (denier per filament) (22.22 dtex) were wound 
at 3,000 meters per minute (MPM) on a Barmag SW4SL 
winder- A photomicrograph of a cross— section of this 
fiber is shown in Figure 9 (ISOx magnification) . The 
singl fiber was tested for spontemeous surface 

35 transportati n of an aqueous solution which was aqueous 
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Syltint Poly Red (obtained from Milliken Chemicals) 
which is 80 weight % water and 20 weight % red colorant. 
The single fiber of 20 dpf (22.22 dtex) spontaneously 
surface transported the above aqueous solution. The 
5 following denier per filament PET fibers were also made 
at different speeds as shown in Table I below: 



10 



15 





Table I 






Spin Speed 


Winder 


dpf 




20 


3,000 


Barmag 


40 


1,500 


Leesona 


60 


1,000 


Leesona 


120 


500 


Leesona 


240 


225 


Leesona 


400 


150 


Leesona 



All the single fibers of above PET fiber with the dpf of 
20, 40, 60, 120, 240, and 400 spontaneously surface 
transported the aqueous solution of Syltint Poly Red 
liquid. The value of the "X" parameter (as defined 

20 hereinbefore) for these fibers was 1.7. PET film of 
0.02 inch (0.508 mm) thickness was compression molded 
from the same polymer as that used for making the above 
fiber. Contact angle of distilled water on the above 
film was measured in air with a contact angle 

25 goniometer. The contact angle was 71.7 Another 
sample of the same film as above was sprayed with the 
same lubricant as used for making the fiber in this 
example at 1.5% level. The contact angle of distilled 
water on the PET film sprayed with the lubricant was 7». 

30 Thus, the factor (1-X cos 6) in this case is 

(l_1.7(cos 7")) = —0.69, which is less than zero. 

T^vam ple 2 fBase Fiber Preparation) 

Polyhexamethylene adipamide (nylon 66) was obtained 
35 from Du Pont [Zytel (trademark) 42]. The polymer was 
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extruded at 279 »C. A spinneret as shown in Figure 3 was 
used to form 46 dpf (51.11 dtex) fiber at 255 
Beters^minute speed. The specific dimensions of the 
spinneret orifices were the same as described in 
5 Example 1 except that 0^ was 30o instead of The 
quenching conditions were the same as those for 
obtaining PET fiber as in Example 1. A photomicrograph 
of the fiber cross-section is shown in Figure 11 (150x 
magnification) . The lubricant level on the fiber was 

10 1.8% by weight. The same lubricant as used in the PET 
fiber was used (Example 1) . This Nylon 66 fiber 
spontaneously transported the aqueous Syltint Poly Red 
solution on the fiber surface. The value of the "X" 
parameter for this fiber was 1.9. Nylon 66 film of 0.02 

15 inch (0.508 mm) thickness was compression molded from 
the same polymer as that used for making the fiber of 
Example 2. Contact angle of distilled water on the 
above film was measured in air with a contact angle 
goniometer. The contact angle was 64o. Another sample 

20 of the same film as above was sprayed with the same 
lubricant as used for making the fiber in this example 
at the 1.8% level. The contact angle of distilled water 
on the nylon 66 film sprayed with the lubricant was 2'. 
Thus, the factor (l-X cos 0) in this case is 

25 (l-l.9(cos 2-)) = -0.9, which is less than zero. 

w^-m pio rBase Fiber Preparation) 

Polypropylene polymer was obtained from Shell 
company (Grade 5C14) . It was extruded at 279»C. A 

30 spinneret as shown in Figure 3 was used to form 51 dpf 
(56.67 dtex) fiber at 2,000 MPM speed. The specific 
dimensions of the spinneret orifices were the same as in 
Example 2. The quenching conditions were the same as 
those for obtaining PET fiber. A photomicrograph of the 

35 fiber cross-section is shown in Figure 10 (375x 
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magnification) . The lubricant level on the fiber was 
2.6%. The same Ivibricant as used in PET fiber was used 
(Example 1) . The polypropylene fiber spontaneously 
transported the aqueous Syltint Poly Red solution on the 
5 fiber surface. This spontaneously transportable 

phenomenon along the fiber surface was also observed for 
a 10 dpf (11.11 dtex), single polypropylene fiber. The 
value of the "X" parameter for this fiber was 2.2. 
Polypropylene film of 0.02 inch (0.508 mm) thickness was 

10 compression molded from the same polymer as that used 
for making the above fiber of Example 3. contact angle 
of distilled water on the above film was measured in air 
with a contact angle goniometer. The contact angle was 
liO=. Another sample of the same film as above was 

15 sprayed with the same lubricant as used for making the 
fiber in this example at the 2.6% level. The contact 
angle of distilled water on the polypropylene film 
sprayed with the lubricant was 12 ». Thus, the factor 
(l-X cos $) in this case is -1.1, which is less than 



20 zero. 



Kvam ple 4 fBase Fiber T->T-eparation^ 

Cellulose acetate (Eastman Grade CA 398-30, 
Class I) was blended with PEG 400 polymer and small 

25 quantities of antioxidant and thermal stabilizer. The 
blend was melt extruded at 270'»C. A spinneret as shown 
in Figure 3 was used to form 115 dpf (127.78 dtex) fiber 
at 540 metera/minute speed. The specific dimensions of 
the spinneret orifices were the same as in Example 2. 

30 No forced quench air was used. The lubricant level on 
the fiber was 1.6%. The same lubricant as used in the 
PET fibers (Example 1) was used. The cellulose acetate 
fiber spontaneously transported the aqueous Syltint Poly 
Red solution on the fiber surface. The value of the "X" 

35 parameter for this fib r was 1.8. 
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Bvam ple 5 (Comparative) 

PET fiber of Example 1 was made without any 
spinning lubricant at 20 dpf (22.22 dtex) . A single 
fiber did not spontaneously transport the aqueous 
5 syltint Poly Red solution along the fiber surface. 

^gyample 6 (Comparative) 

PET fiber of circular cross-section was made. The 
denier per filament of the fiber was 20 (22.22 dtex). 
10 It had 1.5% of the lubricant used in Example 1. A 

single fiber did not spontaneously transport the aqueous 
syltint poly Red solution along the fiber surface. 

T^^^ pi^ 7 rwase T ^^"^ ■p^^.paration) 

15 poly (ethylene terephthalate) (PET) fiber of 

Example 5 (without any spinning lubricant) was treated 
with oxygen plasma for 30 seconds. Model "Plasmod" 
oxygen plasma equipment was used. Exciter power is 
provided by the RF generator operating at 13.56 MHz 

20 frequency. The plasma treatment was conducted at a 
constant level of 50 watts power. The oxygen plasma 
treated fiber spontaneously transported the aqueous 
syltint poly Red solution along the fiber. This fiber 
was tested again after washing five times and after 3 

25 days and the spontaneously transportable behavior with 
the above aqueous solution was still observed. In order 
to determine the reduction in contact angle after the 
plasma treatment, a PET filB of the same material as 
that of the fiber was subjected to the oxygen plasma 

30 treatment under the same conditions as those used for 
the fiber sample. The average contact angle of the 
oxygen plasma treated film with distilled water in axr 
was observed to be 26- as measured by a contact angle 
goniometer. The corresponding contact angle for the 

35 control PET film (not exposed to the oxygen plasma) was 
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70°. Th significant reduction in contact angle upon 
subjecting the untreated PET fiber to the oxygen plasma 
treatment renders it to be spontaneously surface 
transportable for aqueous solutions. 

5 

^varn ple 8 rSase Fiber Prenaration^ 

Poly (ethylene terephthalate) (PET) polymer of 0.6 
IV was used in this example. It was extruded through a 
spinneret having eight orifices as shown in Figure 4 

10 wherein W is 0.084 mm, X^q is 17W, is 3W, is 4W, 

is 6OW, X28 is 17W, X30 is 2W, X32 is 72W, 
45", Leg B is 30W, and Leg A is 26W. The rest of the 
processing conditions were the same as those described 
in Example 1. A 100 dpf fiber (111.11 dtex) was spun at 

15 600 MPM. A sketch of the cross-section of the fiber is 
shown in Figure 12. The lubricant level on the fiber 
was 1%. The same lubricant as used in Example 1 was 
used. The above fiber spontaneously transported the 
aqueous Syltint Poly Red solution along the fiber 

20 surface. The value of the "X" parameter for this fiber 
was 1.5. 

Evample 9 fBase Fiber Preparation^ 

Poly (ethylene terephthalate) polymer of 0.6 IV was 

25 used in this example. It was extruded through a 

spinneret having eight orifices as shown in Figure 5 
wherein W is 0.10 mm, X34 is 2W, Xjg is 58W, X38 is 24W, 
e^2 is 20", ^3^4 is 28», and n is 6. The rest of the 
extruding and spinning conditions were the same as those 

30 described in Example 1. A photomicrograph of the fiber 
cross-section is shown in Figvire 13 (585x magnifica- 
tion) . A 20 dpf fiber (22.22 dtex) was spun at 3000 
MPM. The lubricant level on the fiber was 1.7%. The 
same lubricant as used in Example 1 was used. The above 

35 fiber spontaneously transport d the aqueous syltint Poly 
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Red solution along the fiber surface. The value of the 
"X" parameter for this fiber was 2.4. 

Bxample 3,0 fgase f j.ber Preparation) 
5 Poly (ethylene terephthalate) (PET) polymer of 0.6 

IV was used in this example. The polymer was extruded 
through a spinneret having four orifices as shown in 
Figure 7 wherein the dimensions of the orifices are 
repeats of the dimensions described in Example 2. The 

10 rest of the processing conditions were the same as those 
described in Example 1 unless otherwise stated. A 200 
dpf fiber (222.22 dtex) was spun at 600 MPM. The 
polymer throughput was 7 Ibs/^r (3.18 kg/hr) . An 
optical photomicrograph of the fiber is shown in 

15 Figure 14 (150x magnification) . The lubricant level on 
the fiber was 2.0%. The same lubricant as used in 
Example 1 was used. The above fiber spontaneously 
transported the aqueous Syltint Poly Red solution along 
the fiber surface. The value of the "X" parameter for 

20 this fiber was 2.2. 

Example 11 (Base Fiber Preparation) 

Poly (ethylene terephthalate) (PET) polymer of 0.6 
IV was used in this example^ The polymer was extruded 

25 through a spinneret having two orifices as shown in 
Figure 8 wherein the dimensions of the orifices are 
repeats of the dimensions described in Example 2. The 
rest of the processing conditions were the same as those 
described in Example 1. A 364 dpf fiber (404.44 dtex) 

30 was spun at 600 MPM. The cross-section of the fiber is 
shown in Figure 15 (150x magnification) . The lubricant 
level on the fiber was 2.7%. The same lubricant as used 
in Example 1 was used. The above fiber spontemeously 
transported the aqueous Syltint Poly Red solution along 
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the fiber surface. The value of the "X" parameter for 
this fiber was 2.1. 

Tlxample la fBase Fiber Prep aration) 
5 Poly (ethylene terephthalate) (PET) polymer of 0.6 

IV was used in this example. It was extruded through a 
spinneret having eight orifices as shown in Figure 6 
wherein w is 0.10 mm, X^j is 6W, X44 is IIW, X^g is IIW, 
X48 is 24W, X50 is 38W, X52 is 3W, X54 is 6W, Xgg is 

10 IIW, X58 is 7W, Xgo is 17W, Xg2 is 28W, Xg^ is 24W, Xgg 
is 17W, Xgg is 2W, fl^g is 45», is 45», and <?20 
45''. The rest of the processing conditions were the 
same as those described in Example 1. A 100 dpf (111.11 
dtex) fiber was spun at 600 MPM. The cross-section of 

15 the fiber is shown in Figure 17. The lubricant level on 
the fiber was 1%. The same lubricant as used in 
Example 1 was used. The above fiber spontaneously 
transported the aqueous Syltint Poly Red solution along 
the fiber surface. The value of the "X" parameter for 

20 this fiber was 1.8. 

FvaTT^ piP> 13 fBas e Fiber Preparation) 

PET polymer of 0.6 I.V. is used in this example. 
It is extruded through a spinneret having 8 orifices as 
25 shown in Figure 6B wherein W is 0.10 mm, X^j is 8W, X74 
is 8W, X76 is 12W, X78 is 8W, Xgo is 24W, Xgs is 18W, 
Xg4 is 8W, Xgg is 16W, Xgg is 24W, Xqq is 18W, X92 is 

2K, ©22 ^24 is ^26 ^5°' ^28 ^30 

is 45*, ^32 is 45», ^34 is 45«, 6^^ is 45° and O38 is 
30 45°. A 20 dpf (22.22 dtex) fiber is spun at 3,000 
mxmin. The rest of the processing conditions are the 
same as those used in Example 1. The lubricant level on 
the fiber is 1%. The cross-section of the fiber is 
shown in Figure 17B. This fiber spontaneously 



07/25/2002, EAST Version: 1.03.0002 



wo 93/02235 



PCr/US92/06089 



- 56 - 



transports the aqueous Syltint Poly Red solution along 
the fiber surface. The "X" valu for this fiber is 2.1. 

T^^o^ pi^ ^A rExamr ^l.^ of the Invention) 
5 A disposable absorbant article is prepared 

comprising (a) a liquid impervious backing sheet made of 
polyethylene, (b) a relatively hydrophobic, liquid 
pervious top sheet made of polypropylene, (c) a layered 
absorbant core positioned between said backing sheet and 
10 said top sheet, and (d) tow or fibers of the present 
invention. The cover or facing provided on the 
absorbant structure is a non-woven fabric having a high 
degree of moisture permeability. For example, the 
fabric may be polyester, polyethylene, polypropylene, 
15 nylon, rayon, or the like. Preferably, the fabric used 
for the cover is a lightweight fabric in the range of 
0.3 to 5.0 oz./square yard (10.17 to 169.5 gyn?) and 
with a density less than 0.3 g/cc. The most suitable 
fabrics have unusually high elongation, softness, and 
20 drape characteristics. Though the cover is moisture 
permeable, it is preferably of the type which after 
permeation of the moisture prevents strike-back of the 
body fluid when the absorbant structure is approaching 
saturation. The body of the cellulosic fibrous batt 
25 (fluff pulp) is substantially more wettable than the 
cover and tends to draw liquid away from the facing 
layer. The cellulosic batt may be wrapped in a tissue. 
It may not be necessary to have a tissue wrapping the 
cellulosic batt, but if the cellulosic batt is quite 
3 0 thick, such as an inch or more, it may be desirable to 
provide a tissue wrap to assist with maintenance of the 
desired shape of the absorbant structure. The 
cellulosic batt also contains a water-swellable, 
water-insoluble absorbant composition. The 
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superabsorbant particles are generally in the form of a 
dry solid water-swe liable, water-insoluble absorbant 
composition such as an ionic complex of a water-soluble 
anionic polyelectrolyte and a polyvalent metal cation. 
5 Typical superabsorbant compositions are illustrated in 
U.S. Patent 4,090,013 to S.H. Ganslaw et al. and U.S. 
Patent 4,043,952 to S.H. Ganslaw et al. The 
superabsorbant material may be in the form of individual 
particles or strips of film to which the superabsorbant 

10 material is adhered to other known superabsorbant 
compositions. The superabsorbant material may be 
affixed to the base of the superabsorbant reservoir or 
may simply lie independently within the reservoir. The 
fibers of the present invention may be placed in a tow 

15 form or fiber bundle immediately below the top sheet as 
shown in Figure 19. By using the tow of the fibers of 
the present invention, the body fluid (e.g., urine) will 
be spread farther along the absorbant article (thus 
improving the strikethrough and rewet properties) , 

20 thereby more effectively utilizing the available 

absorbant area and superabsorbant material and resulting 
in a drier skin-absorbant article interface. 

pyamole 15 rExample of the Invention) 

25 The components of the disposable absorbant article 

are the same as in Example 14. However, in this case 
the fibers of the present invention are placed in a tow 
form within the cellulosic batt (absorbant core) as 
shown in Figure 21. By using the tow of the fibers of 

30 the present invention, the body fluid (e.g., urine) will 
be spread farther along the absorbant article (thus 
improving the strikethrough and rewet properties) , 
thereby more effectively utilizing the available 
absorbant area and superabsorbant material and resulting 

35 in a drier skin-absorbant article interface. 
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w»,n piP 16 of invention) 

The components of the disposable absorbant article 
are the same as in Example 14. However, in this case 
the fibers of the present invention are placed xn the 
5 tow form immediately below the cellulosic batt 

(absorbant core) as shown in Figure 20. By using the 
tow of the fibers of the present invention, the body 
fluid (e.g., urine) will be spread farther along the 
absorbant article (thus improving the strDcethrough and 
10 rewet properties), thereby more effectively utilizing 
the available absorbant area and superabsorbant material 
and resulting in a drier skin-absorbant article 
interface • 

15 ^-'^ V^- 17 fFYBinplP of the Tnvention) . 

The components of the disposable absorbant article 
are the same as in Example 14. However, in this case 
the fibers of the present invention are placed m the 
layer containing the cellulosic batt (absorbant core) . 

20 There is an intimate blend of the staple fiber of the 

present invention and fluff pulp (hydrophilic cellulosic 
fiber) . The fibers of the present invention are in cut, 
staple form 0.25 inch (6,35 mm) to 6 inches (152.4 mm) 
in length (see Figure 22) . By using the tow of the 

25 fibers of the present invention, the body fluid (e.g., 
urine) will be spread farther along the absorbant 
article (thus improving the strikethrough and rewet 
properties) , thereby more effectively utilizing the 
available absorbant area and superabsorbant material and 

30 resulting in a drier skin-absorbant article interface. 

r.^.^ pi^ IB rF ^^p pip- of thp Tnvention l 

The components of the disposable absorbant article 
are the same as in Example 14. However, in this case 
35 the fibers of the present invention are placed in the 
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tow form above and below the cellulosic batt (absorbant 
core) as shown in Figure 26. By using the tow of the 
fibers of the present invention, the body fluid (e.g., 
urine) will be spread farther along the absorbant 
5 article (thus improving the strikethrough and rewet 
properties) , thereby more effectively utilizing the 
available absorbant area and superabsorbant material and 
resulting in a drier skin-absorbant article interface. 

10 Example 19 (Example of th e Invention^ 

The components of the disposable absorbant article 
are the same as in Example 14. However, in this case 
the fibers of the present invention are in the tow form 
and tightly compacted in the impingement zone (the tow 

15 may also be twisted in the impingement zone) such that 
the fibers are substantially in contact with each other 
(thereby promoting rapid movement of urine or other 
bodily fluids along the fiber axis due to the combined 
action of the spontaneous surface transportable nature 

20 of these single fibers and the capillary flow in the 
void space between the fibers) , and toward each end of 
the length of the article the fibers of the tow flare 
and are substantially not in contact with each other. 
One possible arrangement is shown in Figure 24. This 

25 arrangement will allow rapid movement of urine from the 
impingement zone to the outer areas of the diaper. By 
using the tow of the fibers of the present invention, 
the body fluid (e.g., urine) will be spread farther 
along the absorbant article (thus improving the 

30 strikethrough and rewet properties) , thereby more 

effectively utilizing the available absorbant area and 
superabsorbant material and resulting in a drier 
skin-absorbant article interface. 
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Fvam ple zn TExamplft of the Invention) 

TOWS of this invention are very us ful for malcing 
ink reservoir cartridges for writing instruments which 
utilize aqueous based inks. 96/8 d^f PET yams were 
5 made using the conditions of Example 1 except the 
lubricant level was 3.4%. These yams were plied, 
drafted 1.5X, thermally stabilized, crimped and pulled 
into cylindrical cartridges (0.70 cm in diameter) such 
that the density in the cartridges ranged from C.IO g/cc 

10 to 0.25 g/cc. Appropriate round cross-section PET 
control was made at 8 dpf (8.89 dtex) with 1% of the 
lubricant used in Example 1, crimped and pulled into the 
same size cylindrical cartridges such that the densities 
ranged from 0.10 g/cc to 0.25 g/cc. These cylindrical 

15 cartridges were cut to lengths of 7.95 cm and all of the 
testing was done using Sheaffer Skript (trademark) 
writing fluid, washable black #632. 

Figure 27 shows the ink holding capacity versus 
cartridge density for cartridges made from fibers of the 

20 present invention and round fiber controls. This test 
basically involves dripping ink into the cartridges of 
known weight held in a vertical position and determining 
the amount of ink the cartridge holds when it begins to 
drip from the bottom of the cartridge. This weight in 

25 grams is called the ink holding capacity of the 

cartridge being tested. The improvement ranges from 13% 
to 26% over the range of densities tested. 

Figure 28 shows the percent ink remaining versus 
cartridge density for cartridges made from PET fibers of 

30 the present invention and round PET fiber controls. 
Percent ink remaining is defined as 

^r.v i»P.inaining in the c »>^T-idae aftPr dewickjnq fq) ^ ^qq 
^ ink holding capacity (g) 

where the ink remaining in the cartridge after dewicking 
is determined by weighing the cartridge, filling it with 
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ink (ink holding capacity) , weighing the cartridge plus 
ink, contacting the bottom of the cartridge with Type F2 
i^nnv^ve Filter paper and dewicking until such time as no 
ink leaves the cartridge, weighing the cartridge plus 
5 ink remaining and finally subtracting the weight of the 
cartridge to determine the weight in grams of the ink 
remaining in the cartridge. Notice the clearly superior 
behavior of the cartridge containing fibers of the 
present invention. 

10 Figure 29 shows useable ink versus cartridge 

density for cartridges made from fibers of the present 
invention and round fiber controls. This test involves 
dripping ink into the cartridge of known weight such 
that its ink holding capacity is equaled, contacting the 

15 bottom of the cartridge with Typf^ F2 Buckeye Fi^te^: 

paper and dewicking until such time as no ink leaves the 
cartridge, weighing the cartridge plus unavailable ink 
and subtracting the weight of the unavailable ink (g) 
from the ink holding capacity (g) to determine the 

20 useable ink in grams. The improvement ranges from 15% 
to 30% over the range of densities tested. 

Figure 30 shows the ratio of useable ink to fiber 
weight versus cartridge density for cartridges made from 
fibers of the present invention and round fiber 

25 controls. Notice the significant improvement of the 
cartridges made from fibers of the present invention. 

Tvample 21 - Uphill FlUX Test 
Scope and Significance 

30 This method is used to determine the fluid 

transport rate of capillary transport materials from a 
reservoir of synthetic urine fluid along an incline to 
an absorbant. This computer monitored version of the 
method automatically measures the fluid uptake of the 

35 test materials and provides a profile of the weight gain 
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Of the transport and absorb»t storage Bat«ials with 
tir, . The apontaneous BOvaBent of the fluid up the 
incline and through the transport -atarial is a 
guantitative Beasure of the surface and "P^"^ 
Tctin, on the fluid in opposition to J^^^^^ 
transport testing provides a ».ans of ""P--''^'^ 
differences due to the type and si»e of capillary 
transport material, as well as surface """^^ 
TeoBeLies. The test can also be used to evaluate the 
effects of test fluid surface tension as well as 
lifjSLt ahsorhant ^terials. Finally, the test can he 
::riried to Simulate in^e conditions such as removing 
the reservoir and replacing it later to simulate 
multiple urine additions. 

Summary of Method 

uphill transport test is used to determine the 

fluid transport rate of capillary transport ^^-^^^"^ 
Lm a reservoir of synthetic urine test f luxd along a 
: cm long ramp to an absorhant on an attached Pla«orm 
at 10 cm height. Once the prepared spec^en xs mounted 
on the platform/incline, the operator xnitxates the test 
according to the instructions given by the computer 

program by placing the lower end of the transport 
program oy y ^ continues 
material in the reservoir of fluid. Tne 
for 90 minutes or until terminated by the operator. 



'"'trtlrms employed in this method are commonly used 
in normal laboratory practice and require no special 



30 

comment • 
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Safety Precautions 

Normal safety precautions and saf handling 
practices should be observed. 



5 Sources of Error 

Fluid transport is very surface and geometry 
dependent. Surface contamination should be avoided and 
sample handling should be minimized. 

condition all fiber and fabric samples, including 
10 the storage or absorbant material, at least overnight in 
the laboratory before testing so that the moisture 
content is controlled by the relative humidity in the 
laboratory. 

The balance is very sensitive to fluid movement in 
15 the two reservoirs. Because the fluid transported by 
the test specimen is the measured response of the test, 
an accurate tare weight of the fluid before the test is 
started is essential. The computer does not take this 
tare weight reading until the specimen to be tested has 
20 been identified to the computer and the label is 

accepted as correct by the operator. Therefore, prior 
to this time in the program, adjustments in the specimen 
or test apparatus can be made without affecting the 
results. All adjustments must be made prior to this 
25 point in the testing procedure. 

Apparatus 

A schematic representation of the apparatus used is 
in Figure 39. 

30 

Reagents and Materials 

SYN-URINE test fluid from Jayco 
Pharmaceuticals (dyed with food coloring to aid 
observation) 
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Transport mat rial of choice, in most cases 
this will be a sheet of PET filaments 

Absorbant or storage material, such as Bounty 
(trademark) towels or diaper core sections 

Calibration and standardization 

sample Preparation 

weigh a quantity of transport material precut to 40 
cm length. Pull out a 20 cm length of Saran Wrap from 
its 12-inch wide dispenser box. The 11 1.^-inch wxde 
roll of wrap is just the right size to place around the 
transport material from the bottom or back side to the 
top side with the ends of the wrap just meeting on the 
tup ror minimum overlap (1^-1/4 inch). Wrap loosely 
vith saran Wrap with 5 cm of transport material sticking 
out from the end to be placed in the reservoir and with 
15 cm sticking out from the end to be placed in the 
absorbant. The resulting area of transport material 
covered with wrap will be 20 cm length by 5 1^ inch 
width. This covering minimizes evaporation from the 
transport material between the reservoir and the 
absorbant. Cut the absorbant material of choice to 

6 inch X 6 inch size. 

Mount the covered transport material on the ramp 
with its previously assembled absorbant or assemble the 
transport material^sorbant layers on the ramp. Be 
sure the filled reservoir has been previously covered 
with stiff paper or cardboard so the 5 cm tail of the 
transport material will not enter the fluid until the 
computer has been set up and is ready to start the data 
collection process. Once the absorbant is in place on 
the horizontal part of the ramp, apply a load weight 
over the absorbant (usually 0.1 psi, 0.690 kPa) . 



35 
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Procedure 

After turning on the computer, note the test menu 
and the C> prompt. Type "date" and enter the current 
date [Return]. Type "UP" to start the test program- 
5 Follow the instructions on the computer screen. Stop 
after you have labeled the sample to be tested. 
Accepting the labeling as correct will cause the 
computer to read the balance, and this must not occur 
until the balance has stabilized with the test specimen 

10 and any weights completely in place. 

The test is started once the balance is stable by 
removing the reservoir cover and allowing the transport 
material to enter the transport fluid. Press [Return] 
when this occurs to start the computer program that 

15 collects the weight data. 

The computer program is designed so that two 
transport processes are followed. The first one is when 
the fluid moves up the incline of the ramp until the 
fluid front just reaches the absorbant at the top of the 

20 incline. This is the "induction" process. The computer 
must know when the fluid reaches the absorbant material. 
Pressing the F5 key tells the computer to calculate the 
induction process and to begin collecting data for the 
"transport" process that occxirs as the fluid moves in 

25 the absorbant material at the top of the ramp. 

At the end of the test (90 minutes total or sooner 
if the test is terminated by the operator) enter the 
weight of the transport material as requested by the 
computer. The computer calculates the appropriate times 

30 and flux values and puts the results on the printer. 
The computer is programmed in any conventional way to 
carry out these calculations. The specific program used 
in the Examples of this invention is exemplified in 
Example 24. 
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Example 22 - Measurement of Adhesion Tension 

This describes the measurement of adhesion tension 
between a liquid and the surface of a polymer film. The 
adhesion tension at a solid-liquid-air interface is 
5 defined as the force per unit length of interface 

exerted on the solid surface in the plane of the surface 
and normal to the interface. The apparatus used here 
consists of a Cahn 2000 Recording Microbalance with a 
resolution of 0.1 /ig and a Rame Harte Vertical Platform 

10 Assembly, which moves vertically at uniform speeds down 
to a fraction of a micron per second. 

50 ml of the liquid of interest is placed beneath 
the microbalance on the platform in a cylindrical 
container with a diameter of 5 cm. A rectangular sample 

15 approximately 1 cm by 2 cm is cut from the polymer film 
with shears or with a razor knife depending on the 
thickness of the film. The sample should be flat and of 
uniform thickness and must be relatively rigid. It is 
important that the edges be straight, square and sharp 

20 and that the surface be free of fingerprints or other 
contamination. The sample is suspended from the 
microbalance by means of a small hook fastened with glue 
or tape to the center of one of the short edges. The 
hook should be bent gently so that the sample hangs 

25 vertically with its bottom edge parallel to the liquid 
surface, and the liquid container should be centered 
beneath it. The platform is raised by means of a coarse 
motor until the liquid surface is within 1 mm but not 
touching the bottom edge of the film. The alignment and 

30 position of the film may be easily determined by 

observation of the reflection of the film edge in the 
liquid surface. After adjustment of the microbalance to 
tare away the weight of the sample the net force is 
recorded as an apparent mass reading. The fine motor on 

35 the platform is then used to raise the liquid surface at 
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a speed of 2.5 nn per second. When th liquid makes 
contact with the film dge a force due to the adh sion 
tension is recorded. By means of the continued 
elevation of the platform the film is slowly immersed to 
5 a depth of 0.4 cm at which point the test is 

discontinued and the platform is returned to its initial 
level . 

During the immersion, random fluctuations in the 
force are observed due to inhomogeneities on the film 

10 surface while the average force decreases gradually 

because of the effect of buoyancy. The wetting force is 
determined by extrapolation of a line drawn through the 
force reading back to the point where initial contact of 
the film with the surface was made. At this point 

15 buoyancy does not contribute to the force. The 

perimeter of the film edge is then determined by careful 
measurement of the length of the bottom edge and the 
thickness of the film by means of a caliper and 
micrometer. The adhesion tension is calculated 

20 according to the following formula: 

^ _ 13 

^ 2(w + t) 

25 

where 

a = adhesion tension, dyne/cm 
m = balance reading, g 
g = acceleration of gravity (= 977.2 
30 cm/sec^ at Kingsport, TN) 

w = width of bottom edge of semple, cm 
t c= film thickness, cm 

Example 23 - STABLE 11^ 

This is a comparative example which shows the 
surprisingly strong influence of increasing the adhesion 
tension from 32 to 60 dynes/cm on the uphill flux for a 
series of different spontaneously wettable fibers. 



35 

•> 
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sample 001-4B was id ntical to 001-7B except that 001-4B 
had 0.5% 70% PEG 600 monolaurate and 30% potassium 
lauryl phosphate applied during spinning. This finish 
obviously inhibited an effective plasma treatment on the 
sample. Compare the other paired samples to see the 
dramatic increase in fluxes by increasing the adhesion 
tension. The specific dimensions for the spinneret 
orifice of Figure 35 are as follows: = 100 microns, 
B = 90% S = 10, R = 50, T = 20, U = 1.3, V » 50 (see 
Figure 33). The specific dimensions for the spinneret 
orifice of Figure 36 are as follows: = 100 microns, 
e = 90". S = 10, R = 50, T = 10, U = 1.3, V = 50 (see 
Figure 33) . 



« r— 
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y:yann pl 24 

This example shows the influence of channel width 
on uphill flux for fixed values of channel depth, leg 
width, material of choice and adhesion tension. Notice 
the maximum flux occurs at a channel width of 
approximately 80 microns for the dimensions of the PET 
fiber shown (see Figure 37) . 

■Rvamnle 25 

The influence of increasing the adhesion tension is 
shown dramatically in Example 23. This example shows 
how the uphill flux varies for a given fiber material 
and geometry with adhesion tension (see Figure 38) . In 
other words, for each adhesion tension at a fixed leg 
u'idth and channel depth, there is an optimum channel 
width which maximizes the flux. 



Kxample 26 

Hydrofil (trademark) nylon polymer designated SCFX 
20 by Allied-Signal, Inc. was spun into fiber using the 

spinneret shown in Figure 41 at 270«>C using water as the 
finish applied. The "W shown in Figure 41A is 100 
microns. The cross-section of the fiber is also shown 
in Figure 41. These fibers yielded a flux of 10.4 
25 co/gm^ in the uphill test. The measured adhesion 

tension was 50 dynes/cm. Thus, this particular nylon 
coupled with spinning conditions which yielded a good 
cross-section with a channel width of 44 microns 
produced a very high flux without any surface finish or 
30 treatment. 

Tivample 27 

PET fiber similar to that in Example 23 was spun at 
70 dpf (77.78 dtex). Approximately 3 grams of this 
35 sample were placed in a metal frame [approximately 15 
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inches 1 ng and 8 Inches wide (38.1 cm long and 20.32 cm 
wide) ] and shipp d to Plasma Science, Inc. for 
treatment. First, the PET sample was treated with Argon 
plasma for 2 minutes. The pressure in the chamber of 
5 the Plasma Science PS-0500 plasma surface treatment 

system was reduced to 0.3 torr. Power input to the unit 
was maintained at 300 watts. Excitation power was 
provided by the RF generator operating at 13.56 MHz. 
Subsequently, the RF generator was turned off, acrylic 

10 acid vapors were introduced in the chamber for 10 

minutes, and the pressure was reduced to 0.02 torr. The 
acrylic acid vapors reacted with the plasma treated PET 
fiber surface resulted in an acrylic acid grafted PET 
surface. These fibers gave a 7.4 cc/gm/hr flux in the 

15 uphill test. 

EXAMPLE 28 

A 0.90 I.V. PET polymer was extruded on the system 
described in Example 1 at 289 ^C. The cross flow air 

20 velocity was 115 feet/iainute (35.052 m/ainute) and the 
takeup velocity was 800 feet/minute (243.84 m^inute) . 
Lubricant (5% active solution of Milease T in water was 
applied from a double kiss roll arrangement in spinning 
at 10 rpm. The diameter of the ceramic oil roll was 

25 150 mm. A 10 hole radial design spinneret was used to 
spin the fiber. The spinneret was identical to that 
shown in Figiire 43 except that the width of the "H" slot 
was 25W instead of SOW and W = 0.100 mm. The extrusion 
rate was adjusted to make a nominal 75 dpf (83.33 dtex) 

30 fiber. The resulting channel dimensions were 55 microns 
channel width, 7.3 microns leg width, and 172 microns 
channel depth. This fiber produced a flux of 7.6 
cc/gxhr. in the uphill fliix test. 



07/25/2002, EAST Version: 1.03.0002 



wo 93/02235 



PCr/US92/06089 



- 72 - 



10 



Example 29 

This xample shows a stuff er box crimped fiber with 
a distorted cross section and a helical crimped fiber 
without a distorted cross section. The stuff er box 
crimped sample is listed as sample SW-181-1A, and the 
helical crimped sample is listed as sample SW-186. Both 
samples are of a two channel H cross section. 

Sample SW-181-1A for stuffer box crimping was melt 
spun from 0.68 IV poly (ethylene terephthalate) polymer 
on a unit using a spinneret I 1045 to make a 38 denier 
per filament continuous filament fiber. Spinneret I 
1045 is described in Figure 42. The "W" in Figure 42C 
is 84 microns. The spinneret holes were oriented such 
that the cross-flow quench air was directed toward the 
15 open end of the H at a velocity of 180 feet per minute 
(54.86 laxminute) as the fibers traveled down the 
cabinet. The fiber was spun at 1000 meters per minute 
with a melt temperature of 285 and lubricated with 
Hypermer A109 lubricant (a modified polyester surfactant 
20 sold by ICI Americas, Inc.). 

Sample SW-1B6 for helical crimping was melt spun 
from 0.62 IV poly (ethylene terephthalate) polymer on a 
unit using spinneret I 1039 to make a 30 denier per 
filament continuous filament fiber. Spinneret I 1039 is 
25 described in Figure 43. The "W" in Figure 43A is 100 

microns. The spinneret holes were oriented in a radial 
pattern on the face of the spinneret. Cross-flow quench 
air was directed at a velocity of 125 feet per minute 
(38.1 m/<minute) toward the fiber bvmdle as the fibers 
traveled down the cabinet. The fiber was spun at 1500 
meters per minute with a melt temperature of 288oc and 
lubricated with PM 13430 lubricant comprising 49% 
polyethylene glycol (PEG) 600 monolaurate, 
polyoxyethylene (13.64) monolaurate, 49% polyethylene 
35 glycol (PEG) 400 monolaurate, polyoxyethylene (9.09) 



30 
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monolaurate, and 2% 4-cetyl-4-ethylmorpholiniuiB 
ethosulf ate (antistat) . The equipment used was the san 
as described in Example 1 except a Leesona winder was 
used for take-up. 
5 A conventional two stage drafting line was used to 

process the SW-181-1A and SW-186 as--spun fiber. 

The packages of SW-181-1A feed yam were placed on 
creel posts and formed into a tow. The tow was guided 
to the first set of rolls running at 18 meters per 

10 minute. The tow left the first rolls and was submerged 
in a water bath having a water temperature of 74 «C. The 
tow was guided from the water bath to the second set of 
rolls which were running at 35 meters per minute. The 
tow continued from the second rolls through a steam 

15 chamber set at 130»C to the third rolls running at 45 
meters per minute. The tow then went over a series of 
heatset rolls set at 180«C to heatset the fiber with 
tension. The tow then went through a stuff er box 
crimper and was placed onto a dryer apron which carried 

20 the tow into an oven for drying the fiber at lOO'C for 5 
minutes. In this case, Hypermer A109 lubricant was 
applied to the tow at the crimper. The stuff er box 
crimped fiber had a distorted cross section as shown in 
Figure 44. 

25 The packages of feed yarn were placed on creel 

posts and formed into a tow. The tow was guided to the 
first set of rolls running at 26 meters per minute. The 
tow left the first rolls and was submerged in a water 
bath having a water temperature of 70»C. The tow was 

30 guided from the water bath to the second set of rolls 
which were running at 39 meters per minute. The tow 
continued from the second rolls through a steam chamber 
set at 130«>C to the third rolls running at 60 meters per 
minute. The tow then went to a puddling jet which 

35 placed the tow onto a dryer apron which carried the tow 
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into an oven for shrinking without tension at 150°C for 
5 minutes. In this case, PM 13430 l^lbricant was appli d 
to the tow as it exited the dryer. Helical crimped 
fiber formed during the shrinking step in the oven. The 
5 helical crimped fiber did not have a distorted cross 
section as shown in Figure 45. 

Example 30 

This example shows the importance of having the 
10 spinneret hole shapes oriented in specified 

configurations relative to the cross-flow quench air 
when making helical crimped fibers. 

Sample X21766-177-1 was melt spun from 0.70 IV 
poly (ethylene terephthalate) polymer using spinneret I 
1046 on a unit to make a 51 denier per filament 
continuous filament fiber. Spinneret I 1046 is 
described in Figure 46. The "W" in Figure 46C is 84 
microns. The spinneret holes were oriented such that 
the cross-flow quench air was directed toward the open 
end of the H at a velocity of 111 feet per minute 
(33.833 mxminute) as the fibers traveled down the 
cabinet. A drawing of the quench air direction relative 
to the spinneret hole is shown in Figvire 47. The fiber 
was spun at 1000 meters per minute with a melt 
25 temperature of 285*C and lubricated with PM 13430 

lubricant. The equipment used was the same as described 
in Example 1 except a Leesona winder was used for 
take-up. 

As-spun sample X21766-177-1 was drafted by guiding 
30 the yarn to a first set of rolls running at 25 meters 
per minute. The fiber left the first rolls and was 
submerged in a water bath having a water temperature of 
70«'C. The fiber was guided from the water bath to the 
second set of rolls which were running at 47.5 meters 
35 per minute. The fiber continued from the second rolls 



20 
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through a st am chamber set at 145°C to the third rolls 
running at 52.5 met rs per minute. The fiber was then 
wound onto a package and identified as sample number 
X21766-183-1A. A denier reel was used to unwind fiber 
from the package to make a skein of yam. The skein was 
placed in a forced air oven set at ISCC for 5 minutes 
and. allowed to shrink without tension. Acceptable 
helical crimp did not form during the shrinking step in 
the oven. The fiber contained crenulated sections with 
a distorted cross-section. 

Sample X21766-176-1 was melt spun from 0.70 IV 
poly (ethylene terephthalate) polymer using spinneret 
I 1047 on a unit to make a 51 denier per filament 
continuous filament fiber. Spinneret I 1047 is 
15 described in Figure 48. The "W" in Figure 48C is 84 
microns. The spinneret holes were oriented such that 
the cross-flow quench air was directed toward one side 
of the H at a velocity of 111 feet per minute (33.833 
m/mihute) as the fibers traveled down the cabinet. A 
20 drawing of the quench air direction relative to the 
spinneret hole is shown in Figure 47. The fiber was 
spun at 1000 meters per minute with a melt temperature 
of 285'C and lubricated with PM 13430 lubricant. The 
equipment used was the same as described in Example 1 
25 except a Leesona winder was used for take-up. 

As-spun sample X21766-176-1 was drafted by guiding 
the fiber to a first set of rolls running at 25 meters 
per minute. The yarn left the first rolls and was 
submerged in a water bath having a water temperature of 
30 70<'C. The fiber was guided from the water bath to the 
second set of rolls which were running at 52.5 meters 
per minute. The fiber continued from the second rolls 
through a steam chamber set at 145'C to the third rolls 
running at 57.5 meters per minute. The fiber was then 
35 wound onto a package and identified as sample 
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X21766-181-1A. A denier reel was used to unwind fiber 
■from the package to make a skein of yarn. The skein was 
placed in a forced air oven set at 150 °C for 5 minutes 
and allowed to shrink without tension. Helical crimped 
5 fiber formed during the shrinking step in the oven. The 
helical crimped sample had 7.4 crimps per inch with a 
crimp amplitude of 0.46 mm. The sample had an a bulky 
look and an acceptable hand. 

10 Kxample 31 

This example shows that helical crimped fiber 
without a distorted cross section will improve fluid 
movement when compared to a stuffer box crimped sample 
with a distorted cross-section. 

15 spontaneously wettable polyester fibers identified 

as SW-188 were melt spun from 0.78 IV poly (ethylene 
terephthalate) polymer using spinneret 1-1039 on a unit 
to make a 29 denier per filament continuous filament 
fiber. Spinneret I 1039 is described in Figure 43. The 

20 spinneret holes were oriented in a radial pattern on the 
face of the spinneret with cross-flow quench air 
directed at a velocity of 100 feet per minute (30.48 
m/^innte) toward the fiber bundle as the fibers traveled 
down thE cabinet. The fiber was spun at 1500 meters per 

25 minute with a melt temperature of 292 •C and lubricated 
with PM 13430 lubricant. The equipment used was the 
same as described in Example 1 except a Leesona winder 
was used for take-up. 

A conventional two stage drafting line was used to 

30 process the as-spun fiber. 

Helical crimped fiber without a distorted cross- 
section was first made. The as-spun packages were 
placed on creel posts and formed into a tow. The tow 
was guided to a first set of rolls running at 20 meters 

35 per minute. The tow left the first rolls and was 
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submerged in a water bath having a water temperature of 
73**C. The tow was guided from the water bath to the 
second set of rolls which were running at 35 meters per 
minute. The tow continued from the second rolls through 
5 a steam chamber set at 135«>C to the third rolls rxinning 
at 43 meters per minute. The tow then went to a 
puddling jet which placed the tow onto a dryer apron 
which carried the tow into an oven for shrinking without 
tension at 150«C for 5 minutes. PM 13430 lubricant was 

10 applied to the tow as it exited the dryer. Helical 

crimped fiber formed during the shrinking step in the 
oven. The. helical crimped fiber did not have a 
distorted cross section as shown in Figure 49. 

Stuf fer box crimped fiber with a distorted cross- 

15 section was then made from the as-spun packages. The 
as— spun packages were placed on creel posts and formed 
into a tow. The tow was guided to a first set of rolls 
running at 20 meters per minute. The tow left the first 
rolls and was submerged in a water bath having a water 

20 temperature of 73 ®C. The tow was guided from the water 
bath to the second set of rolls which were running at 35 
meters per minute. The tow continued from the second 
rolls through a steam chamber set at 135 «*C to the third 
rolls running at 43 meters per minute. The tow then 

25 went through a stuf fer box crimper and was then heatset 
without tension at 150 ^'C for 5 minutes. In this case, 
LK 5570 Ivibricant was applied to the tow just before the 
crimper. The stuf fer box crimped fiber did have a 
distorted cross section as shown in Figure 50. 

30 The single filament wetteibility test is a useful 

test for characterizing these materials. Filaments from 
each type of crimp were tested sixty times for single 
filament wetting, and the results are shown below. 
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staffer Box 
Crimped 



Helical Crimped 
Crimped 



Average Velocity 
(Bio/^sec) 



14.7 



19.7 



Average Slope 
(irnn*iian/sec) 



9.7 



32.3 



This data is significant at the 95% confidence 
level and shows that the helical crimped sample is 
better for moving fluids than the stuffer box crimped 
sample. 

Example 32 

This example shows a helical crimped fiber made 
using an 1-1005 spinneret. 

Spontaneously wettable polyester fibers were melt 
spun from 0.62 IV poly(ethylene terephthalate) polymer 
using spinneret I 1005 on a unit to make a 20 denier per 
filament continuous filament fiber. Spinneret I 1005 is 
described in Figure 51 and Figure 52. The slot width in 
Figure 51A is 100 microns, and the numbers on the figure 
are multiples of the slot width. The spinneret holes 
were oriented in a diagonal pattern on the face of the 
spinneret with cross-flow quench air directed at a 
velocity of 250 feet per minute (76*20 rnxoninute) toward 
the fiber bundle as the fibers traveled down the 
cabinet. The fiber was spun at 1500 meters per minute 
with a melt temperature of 280«C and lubricated with PM 
13430 Ixibricant. 

A conventional two stage drafting line was used to 

process the fiber. 

Twelve packages of feed yarn were placed on creel 
posts and formed into a tow. The tow was drafted by 
guiding the tow to a first set of rolls rtinning at 16 
meters per minute. Th yarn left the first rolls and 
was submerged in a water bath having a water temperature 
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Of 70 ^C. The fiber was guided from the water bath to 
th second set of rolls which were running at 38 meters 
per minute. The fiber continued fr m the second rolls 
through a steam chamber set at 150 to the third rolls 
5 running at 40 meters per minute. The tow then went to a 
puddling jet which placed the tow onto a dryer apron 
which carried the tow into an oven for shrinking without 
tension at 150«*C for 1 minute. Helical crimped fiber 
formed during the shrinking step in the oven. The 
10 helical crimped sample was labeled X21741-060-3 and had 
8.2 crimps per inch with a crimp amplitude of 0.26 mm. 
The sample had an a bulky look and an acceptable hand. 
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Table IV 

Relative Ranking of Selected surfactants 
Based on SCM Flux Tests 

« 



5 



10 



15 



20 



25 



Surfactant 


Pol«+-we Flux* 


BRIJ35 


166.1 


G1300 


159.9 


BRIJ99 


153.2 


MIL T 


151.3 


HPMA109 


146. 3 


RX20 


137-5 


IL2535L2 


124.9 


TW60 


123.3 


TL1674 


123.2 


IL2535L1 


116.7 , 


G1350 


115.3 


BRIJ700 


109.6 


PM 13430 


108.6 


RX30 


103.3 


IL2535L3 


103.5 


RX31 


101.6 


G1441 


98.4 


IL2535Ii4 


94.4 


TL1914 


91.9 



*(Avg. flux) /in oc^hr per gram 
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Table V 

Statistical Comparison of Selected Surfactants 
Based on 3 CM Syn-Urine Flux Tests 



10 



15 



20 



25 



30 



35 



40 



45 



BRIJ 35: 
Equal to: 
Better than; 



G1300: 
Equal to: 

Better than: 



BRIJ99; 
Equal to: 
Better than: 



MIL T: 
Equal to: 

Better than: 



HPMA109 : 
Equal to: 
Better than: 



RX20: 
Equal to: 

Better than: 

IL2535L2: 
Equal to: 

Better than: 

TW60: 
Equal to: 



AVG FLUX=166 {ccAor-gn) , VAR=49.8 (cc/ta-- 
gm)' 

G1300 (0.82)*, BRIJ99 (0.71)/ MIL T 
(0.78) 

HPMA109, RX20, IL2535L2, TW60X**, 
TL1674X, IL2535L1X, G1350, BRIJ700, 
LK5570 

AVG FLUX=159, VAR=99.8 

BRIJ99 (0.90), MIL T (0.89), HPMA109 

(0.67) 

RX20, IL2535L2, TW60, TL1674, IL2535L1, 
G1350, BRIJ700, LK5500 

AVG FLUX=153, VAR=317 

MIL T (0.95), HPMA109 (0.91), RX20 (0.65) 
IL2535L2, TW60, TL1674, IL2535L1, G1350, 
BRIJ700X, LK5570 

AVG FLUX=151, VAR=460 

HPMA109 (0.93), RX20 (0.78), TW60 (0.60), 
TL1674 (0.60) 

IL2535L2, IL2535L1, G1350, BRIJ700X, 
LK5570 

AVG FLUX=146, VAI^258 

RX20 (0.85, TW60 (0.61), TL1674 (0.60) 
IL2535L2, IL2535L1, G1350, BRIJ700X, 
LK5570 

AVG FLUX=138, VAI^128 

IL2535L2 (0.68), TW60 (0.81), TL1674 
(0.79), IL2535L1 (0.60) 
G1350, BRIJ700, LK5570 

AVG FLUX=125, VAIfc=187 

TW60 (0.95), TL1674 (0.95), IL2535L1 

(0.90), G1350 (0.85) 

BRIJ700, LK5570 

AVG FLUX=123, VAR=603 

TL1674 (0.95), IL2535L1 (0.93), G1350 
(0.91), BRIJ700X (0.86), LK5570X 



50 



TL1674 : 



AVG FLUX=123, VAR=528 
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20 



Equal to: 

IL2535L1: 
Equal to: 



61350: 
Equal to: 

BRIJ700: 
Equal to: 
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IL2535L1 (0.93), G1350 (0.91), BRIJ700X 
(0.85), LK5500X (0.81) 

AVG FLDX=116, VAR=462 TTr«70 
G1350 (0.95), BRIJ700 (0.92), LK5570 

(0.89) 

AVG FLUX=115, VAI^248 
BRIJ700X (0.91), 1.K5570 (0.88) 

AVG FLDX=110, VAR«=29 
LK5570 (0.94) 



*Beta value: probability that means are different 
when they have been accepted as equal 

..X indicates that variance of tj^^l, ™lp2ate 
being compared were different (F rest; an- » f 
variances were used in the t test 



4 
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SYMBOL 
BRIJ35 

BRIJ99 

BRIJ700 

G1300 

G1350 

G-1441 

HPMA109 

IL2535L1 

IL2535L2 

IL2535L3 

IL2535L4 

PM 13430 
MIL T 

RX20 

RX30 
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APPENDIX ^ TVamnle 32 

SURFACTANT DESCRIPTION 

Polyoxyethylene (23) lauryl ether (ICI) 
HLB=16.9 

Polyoxyethylene (20) oleyl ether (ICI) 
HLB=15.3 

Polyoxyethylene (100) stearyl ether (ICI) 
HLB=18 . 8 

G-1300 Polyoxyethylene glyceride ester 
(ICI) Nionic surfactant HLB=18.1 

"ATLAS" G-1350 (ICI) Polyoxyleney 
polyoxypropylene-sorbitan linoleic 
phthalic ester 

G-1441 (ICI) Polyoxyethylene (40) 
sorbitol, lanolin alooholysis product 

Hypermer A109 (ICI) Modified Polyester 
Surfactant (98%)xxylene (2%) HLB=13-15 

IL-2535 "Xylene-freexTMA free" Hypermer 
A109 (ICI) Modified polyester surfactant 
(lU^high acid no.) 

IIr-2535 "Xylene-freeXTMA free" Hypermer 
A109 (ICI) Modified polyester surfactant 
(LA»low acid no.) 

IL-2535 "Xylene-freeyTMA free" Hypermer 
A109 (ICI) Modified polyester surfactant 
(LA»low acid no.) 

IL-2535 "Xylene-free/TMA free" Hypermer 
A109 (ICI) Modified polyester surfactant 
(LA=lov acid no.) 

(Eastman Chemical Company) 

MILEASE T (ICI) Polyester/water/other 
ingredients 

RENEX 20 (ICI) Polyoxyethylene (16) tall 
oil (100%) (CAS-6179 1-002) HLB=13.8 

RENEX 30 (ICI) Polyoxyethylene (12) 
tridecyl alcohol (100%) (CAS 24938-91-8) 
HLB=14.5 
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TW60 
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RENEX 31 (ICI) Poly oxy ethylene (12) 
trid cyl alcohol (100%) (CAS 24938-91-8) 
HLB=15.4 

TL-1674 (ICI) Polyoxyethylene (36) castor 
oil (100%) (CAS 61791-12-6) 

TL-1914 (ICI) cocoamidopropyl Betaine 
(CAS-61789-40-0) 

TWEEN 60 (ICI) Polyoxyethylene (20) 
sorbitan monosteeurate HLB=14.9 
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ExafflpJ,^ 33 

Table III sxunmarlzes the result for 3 cm syn-urine 
flux tests performed on several surfactants. Values are 
tabulated as cc of fluid per hour per gram of fiber. 
The tests in Table III were conducted to determine the 
relative performance of these surfactants in 
transporting aqueous-based fluids. Most of these 
surfactants were applied from a 5 weight percent 
solution in water. A range of oil roll speeds was used 
to cover a relatively wide range of application of each 
surfactant in an attempt to optimize flux performance. 

Examination of the data in Table III reveals that 
the flux performance of most of the surfactants is 
relatively flat over the range of oil roll speeds used, 
although there may be some evidence of decreased 
performance at low oil roll speed for Milease T and some 
evidence of decreased performance at high oil roll speed 
for G-1441. For these reasons, the best six points were 
selected for each surfactant as representative of 
optimum performance. The mean and standard deviation of 
the selected values for each surfactant are also 
tabulated in Table III. 

The average flux for each surfactant was used to 
calculate the relative flux ranking shown in Table IV. 
This was done by dividing each average value by the 
maximum average value, which was 166 for BRIJ 35. 

Statistical tests were performed to compare the 
means for all pairs of siurfactants above the dotted line 
in Table IV using a confidence level of 95 percent. 
These results are summarized in Table V. Beta values, 
the probability that the means are different when they 
have been accepted as equal, are shown in parentheses. 
Additionally, a small x has been used to indicate when 
the variances of the two surfactants being compared are 
statistically different (determined by an F test) . PM 
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13430 was selected as the lower limit for mean 
comparisons . 

i:;y^Tn plA, 3 A - Mo;.«»r6inen t »-P Advaneinrr Contact AnqlS 

The technique (Modified Wilhelmy Slide Method) used 
to measure the adhesion tension can also be used to 
measure the Advancing Contact Angle 6^. The force whxch 
is recorded on the microbalance is equal to the adhesion 
tension times the perimeter of the sample film. 
Force = Adhesion Tension X Perimeter 

s y Cos 6g^X V 
Where y is the surface tension of the fluid 
(dynes/cm) 

e is the advancing contact angle (degree) 
p is the perimeter of the film (cm) 
or solving for B^^: 



20 0 cos 

cl 



25 



-1 



30 



Force 
TP 



For pure fluids and clean surfaces, this is a very 
simple calculation. However, for the situation which 
exists When finishes are applied to surfaces and some of 
this finish comes off in the fluid the effective y is no 
longer the y of the pure fluid. In most cases the 
materials which come off are materials which lower 
significantly the surface tension of the pure fluid 
(water in this case) . Thus, the use of the pure fluid 
surface tension can cause considerable error in the 

35 calculation of 

TO eliminate this error a fluid is made up which 
contains the pure fluid (water in this case) and a small 
amount of the material (finish) which was deposited on 
the sample surface. The amount of the finish added 
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should just exc ed the critical xnic lie lev 1. The 
surface tension of this fluid is now measur d and is 
used in the 6^ calculation instead of the pure fluid 7. 
The sample is now immersed in this fluid and the Force 
5 determined. 6^ is now determined using the svirface 
tension of the pure fluid with finish added and the 
Force as measured in the pure fluid with finish added. 
This 6^ can now be used in (1 - X 0^) expression to 
determine' if the expression is negative. 

10 

gyainple 35 (Base fiber Preparation) 

Poly (ethylene terephthalate) (PET) polymer of 0-69 
I.V. was used in this example. I.V. is the inherent 
viscosity as measured at 25° at a polymer concentration 

15 of 0.50 g/100 milliliters (mL) in a suitable solvent 
such as a mixture of 60% phenol and 40% tetrachloro- 
ethane by weight. The polymer was dried to a moisture 
level of <0.003 weight percent in a Patterson Conaform 
dryer at 120 **C for a period of 8 hours. The polymer was 

20 extruded at 285 *>C through an Egan extruder, 1.5— inch 

(38.1 mm) diameter, with a length to diameter ratio of 
28:1. The fiber was extruded through a twelve orifice 
spinneret wherein each orifice is as shown in Figure 33 
wherein 



25 


«1 




0.100 mn 




P 




50 




V 




50 




R 




50 




U 




1.3 


30 


s 




5 




e 




90° 



The polymer throughput was 9 pounds (lb)/iiour (4.08 
kg/hour) . The average air quench system has a cross- 
flow configxiration. The quench air velocity was 93 feet 
35 (ft)/min (28.346 m/Oninute) . No spinning lubricant was 
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applied to the as-spun yarn. Fibers of 78 dpf (86.67 
dtex) were wound at €50 m ters per minute (MPM) on a 
Leesona winder. 

The surfactants listed in Table IV were applied to 
5 the unlubricated base fiber by feeding the yam at a 
speed of 2 0 meters per minute across a kiss roll of 
approximately 2-1^^6 inch (5.239 cm) diameter. The kiss 
roll speeds covered a range of 15-55 rpm and the depth 
of immersion of the kiss roll in the surfactant 
10 solutions was 1/4 to 3/8 inch. The yam break angle 
over the kiss roll was approximately 2-5 degrees. 

Evample 36 - 3 cm UPhg ll Flux Test 
scope and Significance 

^5 This method is used to determine the fluid 

transport rate of capillary tramsport materials from a 
reservoir of synthetic urine fluid along an incline to 
an absorbant. This computer monitored version of the 
method automatically measures the fluid uptake of the 

20 test materials and provides a profile of the weight gain 
of the transport and absorbant storage materials with 
time. The spontaneous movement of the fluid up the 
incline and through the transport material is a 
quantitative measure of the surface and capillary forces 

25 acting on the fluid in opposition to gravity. Uphill 
transport testing provides a means of comparing rate 
differences due to the type and size of capillary 
transport materials as well as surface treatments and 
geometries. The test can also be used to evaluate the 

30 effects of test fluid surface tension as well as 

different absorbant materials. Finally, the test can be 
modified to simulate in-use conditions such as removing 
the reservoir and replacing it later to simulate 
multiple urine additions. 
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SuiniDary of Kethod 

The uphill transport test is used to determine the 
fluid transport rate of capillary transport materials 
from a reservoir of synthetic urine test fluid along a 
10 cm long ramp to an absorbant on an attached platform 
at 3 cm height. Once the prepared specimen is mounted 
on the platform/incline, the operator initiates the test 
according to the instructions given by the computer 
program by placing the lower end of the transport 
material in the reservoir of fluid. The test continues 
for 45 minutes or until terminated by the operator. 

Definitions 

The terms employed in this method are commonly used 
in normal laboratory practice and rec[uire no special 
comment . 

Safety Precautions 

Normal safety precautions and safe handling 
practices should be observed. 

Sources of Error 

Fluid transport is very surface and geometry 
dependent. Surface contamination should be avoided and 
sample handling should be minimized. 

Condition all fiber and fabric samples, including 
the storage or absorbant material, at least overnight in 
the laboratory before testing so that the moisture 
content is controlled by the relative himidity in the 
laboratory. 

The balance is very sensitive to fluid movement in 
the two reservoirs. Because the fluid transported by 
the test specimen is the measured response of the test, 
an accurate tare weight of the fluid before the test is 
started is essential. The computer does not take this 
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tare weight reading until the specimen to be tested has 
b en identified to the computer and th label is 
accepted as correct by the operator. Therefore, prior 
to this time in the program, adjustments in the specimen 
5 or test apparatus can be made without affecting the 
results. All adjustments must be made prior to this 
point in the testing procedure. 

Apparatus 

10 A schematic representation of the apparatus used is 

in Figure 39. 



Reagents and Materials 

SYN-URINE test fluid from Jayco 
15 Pharmaceuticals (dyed with food coloring to aid 

observation) 

Transport material of choice, in most cases 
this will be a sheet of PET filaments 

Absorbant or storage material, such as Bounty 
20 towels or diaper core sections 



Calibration and Standardization 



Sample Preparation 

25 Weigh a quantity of transport material precut to 

20 cm length. Pull out a 9 cm length of Saran Wrap from 
its 12-inch wide dispenser box. Trim the 11 l>^-inch 
wide wrap to 7 inches which is just the right size to 
place around the transport material from the bottom or 

30 back side to the top side with the ends of the wrap just 
meeting on the top for minimum overlap (1/^-1/4 inch) . 
Wrap loosely with Saran Wrap with 2 1/2 cm of transport 
material sticking out from the end to be placed in the 
reservoir and with 8 1^ cm sticking out from the end to 

35 be placed in the absorbant. The resulting area of 
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transport material cover d with wrap will be 9 cm length 
by 2 inch width • This cov ring minimizes vaporation 
from the transport material between the reservoir and 
the absorbant. Cut the absorbant material of choice to 
5 2 inch X 2 inch size. 

Hovint the covered transport material on the ramp 
with its previously assembled absorbant or assemble the 
transport material/absorbant layers on the ramp. Be 
sure the filled reservoir has been previously covered 

10 with stiff paper or cardboard so the 2-5 cm tail of the 
transport material will not enter the fluid until the 
computer has been set up and is ready to start the data 
collection process. Once the absorbant is in place on 
the horizontal part of the ramp, apply a load weight 

15 over the absorbant (usually 0.5 psi) . 

Procedure 

After txirning on the computer, note the test menu 
and the C> prompt. Type "date" and enter the current 

20 date [Return]. Type "UP" to start the test program. 
Follow the instructions on the computer screen. Stop 
after you have labeled the sample to be tested. 
Accepting the labeling as correct will cause the 
computer to read the balance, and this must not occvir 

25 until the balance has stabilized with the test specimen 
and any weights completely in place. 

The test is started once the balance is stable by 
removing the reservoir cover and allowing the transport 
material to enter the transport fluid. Press [Return] 

30 When this occurs to start the computer program that 
collects the weight data. 

The computer program is designed so that two 
transport processes aoce followed. The first one is when 
the fluid moves up the incline of the ramp until the 

35 fluid front just reaches the absorbant at the top of the 
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incline. This is the "induction" process. The computer 
must know when the fluid reaches the absorbant material. 
Pressing the F5 key tells the computer to calculate the 
induction process and to begin collecting data for the 
5 "transport" process that occurs as the fluid moves in 
the absorbant material at the top of the ramp. 

At the end of the test (45 minutes total or sooner 
if the test is terminated by the operator) enter the 
weight of the transport material as requested by the 

10 computer. The computer calculates the appropriate times 
and flux values and puts the results on the printer. 
The computer is programmed in any conventional way to 
carry out these calculations. The specific program used 
in the Examples of this invention is exemplified in 

15 Exoiuple 24 • 

Example 37 

Fibers were prepared in accordance with the 
conditions found in the example in U.S. Patent 

20 4,707,409, which patent is incorporated herein by 

reference, dated November 17, 1987 by Phillips, et al. 
This example is as follows: 

The filaments shown in Figs. 3, 5 and 7 were made 
using the following equipment and process conditions. 

25 The basic unit of the spinning system design can be 

subdivided into an extrusion section, a spin block 
section, a cpiench section and a take-up section. A 
brief description of these sections follows. 

The extrusion section of the system consists of a 

30 vertically moointed screw extruder with a 28:1 l^D screw 
2 and 1/2 inches in diameter. The extruder is fed from 
a hopper containing polymer which has been dried in a 
previous separate drying operation to a moisture level 
less than or equal to 0.003 weight percent. Pellet 

35 poly (ethylene terephthalate) (PET) polymer (0.64 I.V.) 
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containing 0.3% TiOj cind 0.9% diethyl ne glycol (DEG) 
enters the fe d port of the screw where it is heated and 
melted as it is conveyed vertically downward. The 
extruder has four heating zones of about equal length 
5 which are controlled, starting at the feed end at a 
temperature of 280^, 285®, 285*, 280*C. These 
temperatures are measured by platinum resistance 
temperature sensors Model No. 1847-6-1 manufactured by 
Weed. The rotational speed of the screw is controlled 

10 to maintain a constant pressure in the melt (2100 psi) 
as it exits from the screw into the spin block. The 
pressure is measured by use of an electronic pressure 
transmitter [Taylor Model 1347. TF11334 (158) ] . The 
temperature at the entrance to the block is measured by 

15 a platinum resistance temperature sensor Model No. 184— 
6—1 manufactured by Weed. 

The spin block of the system consists of a 304 
stainless steel shell containing a distribution system 
for conveying the polymer melt from the exit of the 

20 screw extruder to eight dual position spin packs. The 
stainless steel shell is filled with a Dowtherm 
liquid/vapor system for maintaining precise temperature 
control of the polymer melt at the desired spinning 
temperature of 280*^0. The temperature of the Dowtherm 

25 liguidy^apor system is controlled by sensing the vapor 
temperature and using this signal to control the 
external Dowtherm heater* The Dowtherm liquid 
temperature is sensed but is not used for control 
purposes . 

30 Mounted in the block above each dual position pack 

are two gear pumps. These pumps meter the melt flow 
into the spin pack assemblies and their speed is 
precisely maintained by an inverter controlled drive 
system. The spin pack assembly consists of a flanged 

35 cylindrical stainless steel housing (198 mm. in 
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diamet r, 102 ^. high) containing two circular cavities 
of 78 mm. inside diameter. In the bottom of each 
cavity, a spinneret, substantially as shown in Fxg. 6 
IZ, and Fig. 2 of United States Patent 4,707 409 xs 
placed followed by 300 mesh circular screen, and a 
breaker plate for flow distribution. Above the brea^ 
plate is located a 300 mesh screen followed by a 20 mm. 
bed of sand (e.g. 20/40 to 80/100 mesh layers) for 
filtration. A stailness steel top with an -^^^ ^^^^ 
provided for each cavity, the spin pac. — ^^^^/J^ 
bolted to the blocK using an aluminum gasket to obtaxn a 
no-leak seal. The pressure and temperature of the 
polymer melt are measured at the entrance to the pack 
(laVmm. above the spinneret exit) . The spxnneret used 
is that Shown in Figures 2, 4 and 6 (in United States 

patent 4,709,409). „«^.«„ = 

The quench section of the melt spxnnxng system xs 
described in United States Patent 3,669,584. The quench 
section consists of a delayed quench zone near the 
spinneret separated from the main quench cabinet by a 
removable shutter with circular openings for passage of 
the yam bundle. Ihe delayed quench zone extends to 
approximately 2 and 3/16« below the spinneret. Below 
theshutter is a quench cabinet provided wxth means for 
applying force convected cross-flow air to the coolxng 
and attenuating filaments. The quench cabinet xs 
tpproxiBately 401^" tall by 101/2" wide by 141/2" deep, 
cross-flow air enters from the rear of the quench 
cabinet at a rate of 160 SCFH. The quench air xs 
conditioned to maintain constant temperature at 77 plus 
or minus 2-F. The quench cabinet is open to the 
spinning area on the front side. To the bottom of the 
quench cabinet is connected a quench tube whxch has an 
expanded end near the quench cabinet but narrows to dual 
rectangular sections with rounded ends (each 
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approximately 6 and 3/8" and 15 and 3/4"). The quench 
tube plus cabinet is 16 f et in length. Air 
temperatures in the quench section are plotted as a 
function of distance from the spinneret. 

The take-up section of the melt spinning system 
consists of dual ceramic kiss roll lubricant 
applicators, two Godet rolls and a parallet package 
winder (Barmag SW4). Theyarn is guided from the exit of 
the quench tube across the lubricant rolls, the RPM of 
the lubricant rolls is set at 32 RPM to achieve the 
desired level of one percent lubricant on the as-spun 
yarn. The lubricant is composed of 95 weight percent 
UCON-50HB-5100 (ethoxylated propoxylated butyl alcohol 
[Viscosity 5100 Saybolt sec] , 2 weight percent sodium 
15 dodecyl benzene sulfonate and 3 weight percent P0E5 
lauryl potassium phosphate. From the lubricant 
applicators the yarn passes under the bottom half of the 
pull-out Godet and over the top half of the second 
Godet, both operating at a surface speed of 3014 
20 meters/minute and tence to the winder. The Godet rolls 
are 0.5 m. in circumference and their speed is inverter 
controlled. The drive roll of the surrace-driven winder 
(Barmag) is set such that the yarn tension betwen the 
last Godet roll and the winder is maintained at 0.1-0.2 
25 grams/denier. The traverse speed of the winder is 

adjusted to achieve an acceptable package build, the 
as-spun yarn is wound on paper tubes which are 75 mm. 
inside diameter by 290 mm. long. 

In summary, the cross-sections as represented by 
30 Figures 3, 5 and 7 of U. S. Patent 4,707,409 were 

prepared. The same lubricant as used in U.S. Patent 
4,707,409 was used. The same spinnerets as shown in 
U.S. Patent 4,707,409 were used to form the fiber. The 
specific dimensions of the spinneret orifices were the 
35 same as in U.S. Patent 4,707,409. The fiber as 
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15 



represented by the cross-section in Fig. 3 had a value 
for the "X" parameter of 1.8, a ffa of 22 degrees, and a 
cos fla of 0.9. Hypothetical filament cross-section 78 
of U.S. patent 4,707,409 has an X parameter of 1.53. 
The values for fla and cos 0a are the same as those m 
Fig. 3 discussed above for section 78. 

Rvamnle 38 

r.^..^,..^^nn o- ---^- r ^^m^tudP nnr^ rrlmp Fre^ncy 

This describes the determination of crimp amplitude 
and crimp frequency for fibers in which the crimp xs 
helical (3-dimensional) . 

The sample is prepared by randomly picking 25 
groups of filaments. One filament is picked from each 
group for testing. Results are the average of the 25 
filaments. 

A single fiber specimen is placed on a black felt 
board next to a NBS ruler with one end of the fiber on 
zero. The relaxed length (Lr) is measured. 

The number of crimp peaks (N) are counted with the 
fiber in the relaxed length. Only top or bottom peaks 
are counted but not both. Half peaks at both ends are 
counted as one. Half counts are rounded up. 

The single fiber specimen is grasped with tweezers 
at one end and held at zero on the ruler, and the other 
end is extended just enough to remove crimp without 
stretching the filament. The extended length (Le) is 

measured. 
no-FiTiitions 

crimp Frequency = The number of crimps per unit 
straight length of fiber. 

crimp Amplitude = The depth of the crimp, one-half 
of the total height of the crimp, measured perpendicular 
to the major axis along the center line of the helically 
35 crimped fiber. 



20 



25 



30 



07/25/2002, EAST Version: 1.03.0002 



wo 93/02235 



PCr/US92/06089 



- 99 - 

Calculations 

For a true helix of pitch angle 0 having N total 
turns, a relaxed length Lr, and an extended (straight) 
length Le, the following equations apply: 
5 Le COS0 « N7r(2A) 

Le sine « Lr 

where A is the previously defined crimp amplitude. From 
these equations, A is readily calculated from the 
measured values of Lr, Le, and N as follows: 
10 0 = sin"-^ (Lr/<Le) 

^-2k ^^^^ 

Crimp frequency (C) as previously defined is calculated 

as follows: 

15 c - ^ 

^ " Le 

When Le and Lr are expressed in inches, crimp amplitude 
has units of inches and crimp frequency has iinits of 

20 crimps per inch- 

The invention has been described in detail with 
particular reference to preferred embodiments thereof, 
but it will be understood that variations and 
modifications can be effected within the spirit and 

25 scope of the invention. Moreover, all patents, patent 
applications (published or vinpublished, foreign or 
domestic) , literature references or other publications 
noted above are incorporated herein by reference for any 
disclosure pertinent to the practice of this invention. 

30 
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CLAIMS 

1. A synthetic fiber which is capable of 

spontaneously transporting water on the surface 
5 thereof wherein said fiber satisfies the equation 

(l-X cos Bg) < 0, 

wherein 

is the advancing contact angle of water 
measured on a flat film made from the same 
10 material as the fiber and having the same surface 

treatment, if any, 

X is a shape factor of the fiber 
cross-section that satisfies the following 
equation 

P 

15 „ _ w 

^ - 4r + (7r-2)D 

wherein 

20 wetted perimeter of the fiber and 

r is the radius of the circumscribed circle 
circumscribing the fiber cross-section and D is 
the minor axis dimension across the fiber 
cross-section, with the proviso that the fiber is 

25 not an X-shaped or an H-shaped fiber having a 6^ 

of 21-23 degrees, cos fi^ of 0.8 to 1.0, and an X 
factor of 1.7-1.9. 

2. A synthetic fiber which is capable of 

spontaneously transporting water on the surface 
thereof wherein said fiber satisfies the equation 
(l-X cos B^) < 0, 

wherein 

e is the advancing contact angle of water 
measured on a flat film made from the same 
material as the fiber and having the same surface 
treatment, if any. 
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X is a shape factor of the fiber 
cross-section that satisfies the following 
equation 

~ 4r + (ir-2)D 

wherein 

is the wetted perimeter of the fiber and 
r is the radius of the . circumscribed circle 
circumscribing the fiber cross-section and D is 
the minor axis dimension across the fiber 
cross— section, and 

wherein the uphill flux value of said fiber 
15 is from 2 to 60 cc/g/<hr when measured from a 

reservoir of synthetic urine test fluid along a 
20 cm long ramp to an absorbant on an attached 
platform at 10 cm height. 

20 3. A synthetic fiber which is capable of 

spontaneously transporting water on the surface 
thereof wherein said fiber satisfies the equation 
(1-X cos e^) < -0.7, 

wherein 

«g is the advancing contact angle of water 
meastared on a flat film made from the same 
material as the fiber and having the same surface 
treatment, if any, 

X is a shape factor of the fiber 
cross-section that satisfies the following 
equation 



Pw 



35 * = 4r + (Tr-2)D 

wherein 

is the wetted perimeter of the fiber and 
r is the radius of the circumscribed circle 
circumscribing the fiber cross-section and D is 
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the minor axis dimension across the fiber 
cross— section . 

4. The fiber of Claims 1, 2 or 3 having a single 
fiber denier of between 10 and 70. 



5. 



6. 



The fiber of Claims 1, 2 or 3 having an uphill 
flux value of 10 to 60 cc/g/hr when measured from 
a reservoir of synthetic urine test fluid along a 
20 cm long ramp to an absorbant on an attached 
platform at 10 cm height. 

The fiber of Claims 1, 2 or 3 having an effective 
adhesion tension for water of greater than 38 
dynes/cm. 

The fiber of Claims 1, 2 or 3 comprised of a 
binary blend comprising: 

(A) 5% to 98% of a Ci-Cj^o ester of cellulose 

having a DS/AGU of 1.8 to 3.0 and an inherent 
viscosity of 0.2 to 3.0 deciliters/gram as 
measured at a temperature of 25«C for a 0.5 g 
sample in 100 ml of a 60/40 parts by weight 
solution of phenoL^etrachloroethane, and 
2% to 95% of a aliphati«>-aromatic copolyester 
having an inherent viscosity of 0.4 to 2.0 
deciliters/gram as measured at a temperature 
of 25»C for a 0.5 g sample in 100 ml of a 
60/40 parts by weight solution of 
phenol/tetrachloroethane, said percentages 
being based on the weight of component (A) 
plus component (B) . 

The fiber of Claims 1, 2 or 3 comprised of a 
35 binary blend comprising: 



25 (B) 



8. 
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(A) 



10 



(B) 



5% t 98% of a Cj^-Cj^o ester of cellulose 
having a DS/TAGD f 1.8 to 2.75 and an 
inherent viscosity of 0.2 to 3.0 
deciliters/gram as measured at a temperature 
of 25»C for a 0.5 g sample in 100 ml of a 
60/40 parts by weight solution of 
phenoly^etraohloroethane , and 
2% to 95% of a aliphatic polyester having an 
inherent viscosity of 0.4 to 2.0 
deciliters/gram as measured at a temperature 
of 25''C for a 0.5 g sample in 100 ml of a 
60/40 parts by weight solution of 
phenol>^etrachloroethane, said percentages 
being based on the weight of component (A) 
15 plus component (B) . 

9. The fiber of Claims 1, 2 or 3 comprised of a blend 
comprising: 

(A) 4% to 97% of a C^-C^o ester of cellulose 
20 having a DS/AGU of 1.8 to 3.0 and an inherent 

viscosity of 0.2 to 3.0 deciliters/gram as 
measured at a temperatvire of 25 »C for a 0.5 g 
sample in 100 ml of a 60/40 parts by weight 
solution of phenol/tetrachloroethane, 
25 (B) 2% to 95% of an aliphatic polyester and/or a 

aliphatic-aromatic copolyester having an 
inherent viscosity of 0.4 to 2.0 
deciliters/gram as measured at a temperature 



of 25 "C for a 0.5 g sample in 100 ml of a 



30 60/40 parts by weight solution of 

phenol/tetrachloroethane, and 
(C) 1% to 94% of polymeric compounds having an 
inherent viscosity of 0.4 to 2.0 
deciliters/gram as measured at a temperature 

35 of 25 *C for a 0.5 g sample in 100 ml of a 
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60/40 parts by weight solution of 
phenol/tetrachlor ethane, said percentages 
being based on the weight of component (A) 
plus component (B) plus component (C) . 

The fiber of Claims l, 2 or 3 comprised of a blend 
comprising: 

(A) 50% to 99% of a binary blend of (I) or (II) 
or a ternary blend of (III) having an 
inherent viscosity of 0.4 to 3.0 
deciliters/gram as measured at a temperature 
of 25»C for a 0.5 g sample in 100 ml of a 
60/40 parts by weight solution of 
phenolv^etrachloroethane , 
1% to 50% of biodegradable additives, said 
percentages being based on the weight of 
component (A) plus component (B) . 

The fiber of Claims 1, 2 or 3 comprised of a blend 

20 comprising: 

(A) 50% to 99% of a binary blend of (I) or (II) 
or a ternary blend of (III) having an 
inherent viscosity of 0.4 to 3.0 
deciliters/gram as measured at a temperature 
of 25«c for a 0.5 g sample in 100 ml of a 
60/40 parts by weight solution of phenol/ 
tetr achlor oethane , 

(B) 0.05% to 2% of immiscible hydrophobic agent, 
said percentages being based on the weight of 
component (A) plus component (B) . 

The fiber of Claims 1, 2 or 3 wherein said fiber 
has coated thereon at least one superabsorbant 
polymer . 



25 



30 



11. 



12. 



35 
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13. The fiber of Claims 1, 2 or 3 having coated 
thereon a layer of a hydrophilic lubricant. 



14 



The fiber of Claim 13 wherein the lubricant is 
5 selected from the group consisting of 

(1) 49% polyethylene glycol (PEG) 600 
monolaurate, polyoxy ethylene (13.64) 
monolaurate, 49% polyethylene glycol (PEG) 
400 monolaurate, polyoxy ethylene (9.09) 

10 monolaurate, and 2% 4-cetyl-4 

ethylmorpholinixim ethosulf ate (antistat) ; 

(2) a modified polyester surfactant; 

(3) a soil release agent consisting of polyester, 
water and other ingredients; 

15 (4) polyoxyethylene (23) lauryl ether; 

(5) polyoxyethylene (20) oleyl ether; 

(6) polyoxyethylene glyceride ester, a nonionic 
surfactant ; and 

(7) a polyoxylene-polyoxypropylene sorbitan 

20 linoleic phthalic ester. 

15. The fiber of Claims 1, 2 or 3 which has been 
plasma treated. 

25 16. The fiber of Claim 14 wherein said superabsorbant 
polymer is prepared from one or more monomers 
selected from acrylic acid, methacrylic acid, 
vinylsulfonic acid, vinylphosphonic acid, and a 
salt thereof. 

30 

17. An absorbant article comprising two or more fibers 
of Claim 1 wherein at least part of said fibers 
are located near the center of said absorbant 
article and at least part of same said fibers are 
35 located away from the centeif of said absorbant 
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article; and wherein said fibers are capable of 
being in contact with an aqueous fluid for at 
least 10 seconds near the center of said absorbant 
article; and wherein away from the center of saxd 
absorbant article one or more sinks are present an 
said absorbant article that are in contact with 
said fibers. 

A tow comprising a plurality of the fibers of 
Claim 1. 

The tow of Claim 18 having a denier of 5,000 to 
400,000. 

*n absorbant article comprising a diaper or 
incontinent pad having a major axis and a minor 
axis and a length in excess of a width which 
comprises a top sheet, a back sheet, and an 
absorbant core comprising at least one absorbant 
layer wherein said article further comprises the 
tow of Claim 21. 

The absorbant article of Claim 20 which is an 
adult incontinent pad containing a tow comprising 
at least two fibers of Claim 1 wherein the tow 
lies above the core but below a tissue or low 
density spacer layer which is adjacent to the top 
sheet. 

Staple fibers comprising a plurality of cut fibers 
of Claim 1. 

An absorbant article selected from the group 
consisting of a tampon, a sweat absorbing 
headband, wristband, surgical sponge, wound 
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dr ssing, sweat absorbing and distributing insole 
for footwear, a wipe, a fabric softener strip for 
use in clothes dryers, a wound drain or surgical 
drain, a towel comprising a scrim, a geotextile, 
athletic socks, a jogging suit, a cosmetic 
applicator, a furniture polish applicator, a pap 
smear sampler, a throat culture sampler, a 
blood-analyzer test element, an ink cartridge, a 
household and industrial deodorizer, a humidifier 
fabric, a moist filter media, an orthopaedic cast 
liner, or spunbonded structures. 



24. Continuous filament yams of deniers from 50 to 
3,000 with a single fiber denier ranging from 3 to 

i5 3D comprising fibers of Claim 1. 

25. A process for spontaneously transporting an 
aqueous fluid comprising contacting a synthetic 
fiber which is capable of spontaneously 

20 transporting water on the sxirface thereof wherein 

said fiber satisfies the equation 

(1-X cos Og^) < 0, 

wherein 

6^ is the advancing contact angle of water 
25 measured on a flat film made from the same 

material as the fiber and having the same surface 
treatment, if any, 

X is a shape factor of the fiber 
cross-section that satisfies the following 
30 equation 

^ " 4r + (7r-2)D 

35 wherein 

is the wetted perimeter of the fiber and r 
is the radius of the circumscribed circle 
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circumscribing the fiber cross-section and D is 
the minor axis dim nsion across the fib r 
cross-section, with the proviso that the fiber is 
not an X-shaped or an H-shaped fiber having a 6^ 
5 of 21-23 degrees, cos 6^ of 0.8 to 1.0, and an X 

factor of 1.7-1.9, 
with an aqueous fluid. 

26. A process for spontaneously transporting an 
10 aqueous fluid comprising contacting a synthetic 

fiber which is capable of spontaneously 
transporting water on the surface thereof wherein 
said fiber satisfies the equation 

(1-X cos dg) < 0, 

15 wherein 

e is the advancing contact angle of water 

measured on a flat film made from the same 
material as the fiber and having the same surface 
treatment, if any, 
20 X is a shape factor of the fiber 

cross-section that satisfies the following 
equation 



30 



35 



25 ^ ~ 4r + (Jr-2)D 

wherein 

is the wetted perimeter of the fiber and r 
is the radius of the circumscribed circle 
circumscribing the fiber cross-section and D is 
the minor axis dimension across the fiber 
cross-section, wherein the uphill flux value of 
said fiber is from 2 to 60 cc/g/hr when measured 
from a reservoir of synthetic urine test fluid 
along a 20 cm long ramp to an absorbant on an 
attached platform at 10 cm height, 
with an aqueous fluid. 
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27. A process for spontaneously transporting an 

aqueous fluid comprising contacting a synthetic 
fiber which is capable of spontan ously 
transporting water on the surface thereof wherein 
5 said fiber satisfies the equation 

(l-X cos tfg) < -0.7, 

wherein 

e is the advancing contact angle of water 
measured on a flat film made from the same 
10 material as the fiber and having the same surface 

treatment, if any, 

X is a shape factor of the fiber 
cross-section that satisfies the following 
equation 

P 

^ AT + (7T-2)D 

wherein 

20 is the wetted perimeter of the fiber and r 

is the radius of the circumscribed circle 
circumscribing the fiber cross-section and D is 
the minor axis dimension across the fiber 
cross— section, 

25 with an aqueous fluid. 



28. The process of Claim 25 wherein said fiber has an 
uphill flux value of 2 to 60 cc/g/hr and an 
adhesion tension of at least 38 dynes/cm. 



29. 



A fiber having an H-shaped cross-section 
substantially as described in Figure 34 wherein 
is less than 20m, W3 is between 10 and 300^, is 
between 20 and 200^, Wg is between 5 and SO/i, and 
is between 20 and 200^. 
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30. The fiber of Claim 29 wherein is less than 10m, 
W3 is between 20 and 100m, is between 20 and 
lOOM, and Wg is between 5 and 20m. 

31 A process for helically crimping a fiber having 

both a major and a minor axis of symmetry, wherein 
quenching by air occurs perpendicular to the ma^or 
axis of the fiber. 



10 32, 



The process of Claim 31 comprising the following 
steps : 

(A) extruding a PET fiber forming polymer; 

(B) passing the polymer through spinneret hole 
shapes ; 

15 (C) orienting said spinneret hole shapes to the 

cross-flow quench air so that quenching 
occurs perpendicular to the major axis of the 
fiber; 

(D) controlling the quench air; 
20 (E) applying hydrophilic lubricants; 

(F) taking up the fibers at conventional speeds; 

(G) drafting the fibers using conventional 
drafting (single steam stage in steam or two 
stage in water and steam) ; 

25 (H) adding an additional amount of hydrophilic 

lubricant; and 
(I) relaxing the drawn fibers in a heated chamber 
to develop the helical criii^. 



30 33. 



34. 



The fiber of Claim 1 wherein said fiber is 
helically crimped. 

The fiber of Claim 33 wherein said fiber is 
helically crimped according to claim 31. 



35 
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35. The fiber of Claim 33 wherein the number of 
crimps/inch is greater than 4 and the crimp 
amplitude is less than 2 mm. 
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